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 calculated, based on available jurisdictional data, using dose-to-concentra-
tion conversion factors, which have been derived in conformance with the
principles established by the International Commission on Radiological
Protection (ICRP).
Chapter 2 of this report summarizes the status of nuclear facilities in
the Great Lakes basin, including nuclear generating stations, mines and mills,
fuel fabrication and conversion facilities, and waste management facilities.
Chapter 3 tabulates releases from these facilities. The chapter also
summarizes specific unplanned release events into the Great Lakes and the
protocol for reporting these to the International Joint Commission.
Chapter 4 reports on a study comparing the release of radioactivity from a
coal-fired electric generating station and a nuclear generating station, both
of which are located in the Great Lakes basin.
Chapter 5 discusses changes to the procedure to calculate dose from
concentration data, in conformance to changes introduced by the ICRP. New
conversion factors are tabulated for radionuclides of interest.
The chapter
also discusses recent changes in jurisdictional limitations for radionuclides
in water.
Chapter 6 presents data generated during l981 and l982 from the
surveillance and monitoring programs conducted by the Great Lakes
jurisdictions.
The chapter provides an assessment in terms of dose to man and
in terms of changes with time.
Chapter 7 describes atmospheric monitoring programs in the Great Lakes
bgggn
and
tabulates
the
data which
theseprograms
have
generated
for
l98l
and
Chapter
8
describes
specific
remedial
measures
im
lemented
to
reduce
the
release of radioactivity
into the
Great
Lakes;
specia
note
is made
of the
West
Valley
Demonstration
Project.
The
chapter
also
describes
progress
to
develop
repositories
for
the
permanent
disposal
of high-level
radioactive
waste,
as
well
as
safety
programs
to
ensure
a
high
level
of
integrity
of
nuclear
reactors
and
to
improve
the
overall
performance
of
the
nuclear
power
industry as a whole.
Chapter 9 presents a summary.
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Fig. 1 NUCLEAR FACILITIES IN THE GREAT LAKES BASIN
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TABLE 2
NUCLEAR GENERATING STATIONS UNDER CONSTRUCTION OR PLANNED
  
ESTIMATED
REACTOR ELECTRICAL COMPLETION
LAKE STATION LOCATION TYPE POWER, MW DATE
HURON Mid1and Mid1and, Michigan PNR 460 & 811 1985
1 & 2
Bruce B: Tiverton, Ontario CANDU 4 X 750 1984-86
Units 5-8
ERIE Fermi 2 Monroe County, BMR 1093 1984
Michigan
Perry 1 & 2 Lake County, Ohio BwR 2 X 1250 1985—88
ONTARIO Nine Mi1e Oswego, New York BNR 1100 1986
Point 2
Pickering B: Pickering, Ontario CANDU 3 X 500 1984-5
Units -8
Dar1ington Oshawa, Ontario CANDU 4 X 850 1988-92
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TABLE 3
URANIUM MINES, MILLS, AND TAILINGS MANAGEMENT FACILITIES
IN THE SERPENT RIVER BASINe
FACILITY DATES OF OPERATION
 
Denison Mines Ltd., EIIiot Lake
Mines and MiIIs:
Main FaciIity
Stanrock
1957-Present
1958-1964, 1983—presentb
TaiIings Management Areas:
Long Lake 1959-Present
NiIIiams Lake 1957-1959
Stanrock 1958-1964a
Rio AIgom Ltd., EIIiot Lake
Mines, MiIIs, and TaiIings Management FaciIities:
PaneI 1958-1961, 1979-Present
Quirke 1956-1961, 1968—Present
Stanieigh 1958-1960C, 1983-Present
Nordic 1957—1968d
Pronto 1955-1966
Lacnor 1957-1960d
Spanish American 1958—1959d
 
D
-
O
U
'
O
’
I
.
.
.
TaiIings area aIso used by Canmet during this period.
A11 ore is miIIed at the Denison Main FaciIity.
TaiIings area aIso used by MiIIiken Mine, 1958-1964.
Receive no efquent treatment.
Information from References (88) and (89).
 
 TABLE 4
FUEL FABRICATION AND CONVERSION FACILITIES
IN THE GREAT LAKES BASIN
LICENSEE
OPERATION
 
Canadian Genera1 E1ectric Co. Ltd.
Toronto
Peterborough
Westinghouse Canada Ltd.
Port H0pe
Hami1ton
E1dorado Resources Ltd.
Port Hope
B1ind River
 
Fue1 pe11et manufacture. Production
started in 1966. Licensed capacity
— 600 Mg/a.
Fue1 bund1e manufacture. Pe11ets
shipped from Toronto to Peterborough
for assemb1y.
Fue1 pe11et and bund1e manufacture.
Production started in 1965. Licensed
capacity - 750 Mg/a.
Research and deve1opment
Uranium refinery and chemica1
conversion. U03 refinery to be
c1osed in fa11 1983. UFs capacity
being expanded; to commence operation
in Spring 1984.
U03 uranium refinery commenced
operation in 1ate 1983.
    
 TABLE 5
RADIOACTIVE WASTE MANAGEMENT FACILITIES
IN THE GREAT LAKES BASINa
LICENSEE AND LOCATION
PURPOSE
 
Ontario Hydro
Bruce Nuc1ear Power Deve10pment
Tiverton, Ontario
Site 1
Ontario Hydro
Bruce Nuc1ear Power Deve10pment
Tiverton, Ontario
Site 2
E1dorado Resources Ltd.
Waste Management Area
Port Granby, Ontario
E1dorado Resources Ltd.
Waste Management Area
We1come, Ontario
Agnew Lake Mines, Ltd.
Espano1a, Ontario
Denison Mines Ltd.
E11iot Lake, Ontario
Rio A1gom Ltd.
E11iot Lake, Ontario
Madawaska Mines Ltd.
Bancroft, Ontario
Bicroft
Bancroft, Ontario
Dyno
Bancroft, Ontario
Nuc1ear Fue1 Services, Inc.
West Va11ey, New York
Lake Ontario Ordnance Works
Lewiston, New York
 
Wastes from Bruce, Doug1as Point, and
other Ontario Hydro nuc1ear generating
stations. Opened 1966. In caretaking
phase since November 1976, but not
c1osed.
Waste vo1ume reduction faci1ity with
waste compactor, radioactive and c1ean
waste incinerators. A1so trenches and
ti1e ho1es for medium and 1ow-1eve1
waste from nuc1ear generating
stations. Opened 1975.
Wastes from E1dorado refinery at Port
HOpe, Ontario. Opened 1955.
Wastes from E1dorado refinery at
Port Hope, Ontario. Opened 1948.
Dormant since 1960.
Process waters. Opened 1977, c1osed
1983. Work continuing to decommis-
sion heap 1each pi1e.
Mine and mi11 tai1ings. See Tab1e 3
for detai1s.
Mine and mi11 tai1ings. See Tab1e 3
for detai1s.
Mine and mi11 tai1ings. Operated
1957—1964 and 1976-1982.
Mine and mi11 tai1ings. Operated
1958-1963
Mine and mi11 tai1ings. Operated
1958-1960
Waste from U.S. atomic energy program
and some from commercia1 processing.
Refinery and conversion waste from
uranium extraction Operations
conducted at sites inside and outside
of the Great Lakes basin.
a.
In addition to those 1isted, there are a number of abandoned tai1ings
areas
in the E11iot Lake and the Bancroft regions.
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DISCHARGES FROM NUCLEAR GENERATION STATIONSb
A N'N U A L R E L E A S E 1 N C U R I E S
G A S E 0 U S
A 0 U E 0 U S
  
STATION
PARTICULATES 131I
NOBLE GASES
3H
FISSION AND ACTI- 7H
VATION PRODUCTS
1981
Big Rock Point
0.004
0.002
17,900
10.22
0.39
3.1
Bruce A
0.0025
0.0028
16,000
92,000
2.2
20,000
Cook 1 & 2
0.278
0.037
5,421
5.47
916
Davis-Besse 1 0.004 0.054 1,012 8.65
157
Doug1as Point
0.00098
0.12
32,000
11,000
2,200
Fitzpatrick
0.165 0.115 119,500 6.65
4.1
Ginna
0.00001 0.001 546 70.1
240
Kewaunee
0.00003 0.00009 118 4.01
251
Nine Mi1e Point 1
0.008
0.006
611
63.4
5.1
Pa1isades
0.001 0.040 3,002 6.42
278
Pickering
0.0046 0.0017 6,800 16,000
7,500
Point Beach 1 & 2 0.0004 0.004 611 480
652
Zion 1 & 2
0.008
0.005
6,910
a
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1982
Big Rock Point
0.002
0.003
12,930
6.26
Bruce A0.0024
0.024
0.032
14,000
41,000
Cook 1 & 2
0.024
0.104
3,883
5.11
Davis-Besse 1
0.00003
0.005
535
35.
Doug1as Point
0.00045
0.092
62,000
8,600
Fitzpatrick
0.337
0.434
211,000
5.26
Ginna
0.0002
0.0008
1,955
96.6
Kewaunee
0.00003
0.00003
166
8.07
Nine Mi1e Point 1
0.071
0.020
51.1
53.5
Pa1isades
0.004
0.023
7,382
4.49
Pickering
0.0027
0.0019
6,600
18,000
10,000
Point Beach 1 & 2
0.0002
0.008
993
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a. Not avai1ab1e.
b. Information from References (1) and (2)-
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 the Zion 1 and 2 station, the amount of 3H re1eased to the atmOSphere during
1980 was a1so not avai1ab1e at the time of pub1ication. 3H was subsequent1y
reported to be not detected (1).
MINES AND MILLS
Eff1uent discharges from tai1ings management areas in the Serpent River
basin are given in Tab1e 8 for the years 1979, 1980, and 1981. It shou1d be
noted that the tota1 re1eases reported here for 1979 and 1980 for disso1ved
226Ra and for uranium are considerab1y 1ower than the re1eases reported
previous1y (3). This may be due in part to the method of ca1cu1ation or the
types of re1eases reported. For examp1e, the data in Tab1e 8 are on1y
eff1uent discharges from tai1ings management areas. The data reported
previous1y may have covered other types of re1eases as we11, e.g. untreated
re1eases.
FUEL FABRICATION AND CONVERSION FACILITIES (2)
The 1oading of uranium to Lake Ontario from the U03 refinery, operated
by E1dorado Resources Ltd., at Port Hope is 0.82 kg/d. The UFs production
faci1ity re1eases 0.15 kg/d of uranium. U03 refinery operations at Port
Hope were to cease in 1983, and the UFs capacity expanded by 1984. The
re1ease of uranium from the new UFs has been estimated to be 0.36 kg/d.
Tab1e 9 presents averaged quarter1y resu1ts of 226Ra concentrations in
p1ant water eff1uent at the Port Hope refinery. If an average f1ow rate of
5.0 m3/minute and an operationa1 basis of 340 days/year are assumed, then
the annua1 1oadings of 226Ra from this faci1ity are estimated to be 2.69 and
5.51 mCi for 1981 and 1982, respective1y. This compares with re1eases of 0.73
and 2.20 mCi, ca1cu1ated for 19 9 and 1 80, reSpective1y (3).
E1dorado Resources is constructing a new U03 refinery at B1ind River. The
uranium emission to the North Channe1 has been estimated to be 0.36 kg/d.
The aqueous re1ease of uranium dioxide from the Westinghouse Canada fue1
p1ant in Port Hope during 1982 was estimated to be 3.6 kg. This assumes that
the p1ant operated for 250 days during the year. Data were not avai1ab1e to
ca1cu1ate the 1981 re1eases; however, since a new waste treatment faci1ity was
commissioned during that year, the quantity re1eased in 1981 wou1d be expected
to have been somewhat greater than in 1982. The airborne re1eases of uranium
dioxide from the Westinghouse faci1ity wereestimated to be 387 and 77 g in
1981 and 1982, reSpective1y. The quantity re1eased in 1982 was 1ess than in
1981, because improvements to the dust extraction system increased its
effectiveness.
Canadian Genera1 E1ectric operates fue1 fabrication faci1ities at Toronto
and at Peterborough. Uranium is re1eased into the water eff1uents as a resu1t
of washing the f1oor and wa11s in those areas where U02 is processed. The
estimated annua1 re1ease of uranium from the Toronto and the Peterborough
faci1ities are estimated to be 158 kg and 7 g, respective1y. These estimates
assume annua1 average concentrations of 79 and 8.5 mg/L, reSpective1y, and
tota1 discharge vo1umes of 2 x 106 and 810 L, reSpective1y. Re1ease 1eve1s
are about the same for both 1981 and 1982.
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TABLE 8
EFFLUENT DISCHARGES FROM TAILINGS MANAGEMENT AREAS IN THE SERPENT RIVER BASINb’C
  
DISSOLVED 225Ra TOTAL ZzsRa URANIUM
AVERAGE AVERAGE AVERAGE
AVERAGE coNcENTRA- ANNUAL CONCENTRA- ANNUAL CONCENTRA- ANNUAL
FACILITY YEAR DISCHARGE TION L0A01NGa TION L0A01NGa TION LOADINGa
(L/s) (Bq/L) (mCi) (Eq/L) (mCi) (ug/L) (kg)
Long Lake 1979 267 0.07 15.9 0.8 181.9 — -
1980 210 0.09 16.1 0.73 130.5 - -
1981 263 0.12 26.9 1.13 253.0 - -
w1111ams Lake 1979 15.6 0.13 1.7 0.2 3.3 - -
1980 6.8 0.13 0.8 0.22 1.3 - -
1981 9.2 0.38 3.0 0.5 4.0 - -
Stanrock 1979 ‘ 67.5 0.03 1.7 0.05 2.9 - -
1980 69.8 0.03 8 0.03 1.8 -
1981 59.5 - - 0.03 1.5 - -
Pane1 1980 96 0.13 10.6 0.37 30.2 80 242.2
1981 81 0.11 7.6 0.39 26.9 118 301.4
Quirke 1979 369 0.22 69.1 2.9 911.2 143 1664.1
1980 317 0.25 67.5 3.1 836.7 254 2539.2
1981 258 0.21 46.1 2.42 531.6 156 1269.3
Stan1eigh 1979 405 0.35 120.7 - — - -
1980 246 0.28 58.6 - - —
1981 201 0.3 51.3 - - 12.8 81.1
Nordic 1979 91.6 0.14 10.9 — - - -
1980 55.4 0.08 3.8 - 28 48.9
1981 53.2 0.09 4.1 — - 67.9 113.9
Pronto 1979 88.3 0.21 15.8 - - — -
1980 72.5 0.16 9.9 - 23.7 54.2
1981 60.3 0.12 6.2 - - 34.0 64.7
Tota1 Annua1 Loading 1979 235.8 1099.3 1664.1
1980 169.1 1000.5 2884.5
1981 145.2 817.0 1830.4
       
a. Annua1 1oading for each fac111ty ca1cu1ated by mu1tip1y1ng the average discharge vo1ume by the
average concentration.
b. Summary of eff1uent qua11ty for taiTings eff1uent treatment faci11ties.
0. Information from Reference (2).
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226Ra IN WATER EFFLUENT FROM
ELDORADO RESOURCES LIMITED FACILITIES AT PORT HOPEasb
TABLE 9
  
 
 
QUARTERLY CONCENTRATION, DCi/L
AVERAGE 1981 1982
1st 1.3 4.2
2nd <1.0 4.2
3rd <1.0 1.3
4th 1.1 2.0
ANNUAL 1.10 2.25
a. Average efquent fIOw rate is 4.5 ma/minute.
b. Information from Reference (2).
WELCOME AND PORT GRANBY SAMPLING DATA - 1981 and 1982b
TABLE 10
 
  
 
    
FLOW RADIUM URANIUM
LOCATION YEAR (IO‘L/a) Average Annua1 Average Annual
Conc.a Loading Conc.a Loading
(pCi/L) (mCi) (mg/L) (kg)
Port Granby 1981 83a 2.9 0.2 0.26 22
Stream Water 1982 - - 0.66 -
UeIcome 1981 71.8 2.6 0.2 0.64 46
Treatment P1ant 1982 81.7 0.2 - -
a. Ca1cu1ated from mean montth vaIues.
b. Information from Reference (2).
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UNPLANNED RELEASES
Reportab1e Events
United States
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f t
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n (
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r p
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occur. These Licensee Event Reports (LER's) are technica1 descriptions of
Ope
rat
ion
a1
eve
nts
; t
hey
pro
vid
e t
he
bas
is
for
the
car
efu
1 s
tud
y o
f e
ven
ts
that might be precursors to serious accidents.
In
ord
er
to
mor
e e
ffe
cti
ve1
y c
o11
ect
and
eva
1ua
te
thi
s i
nfo
rma
tio
n,
and
eSpe
cia1
1y a
s a
resu
1t o
f th
e ac
cide
nt a
t Th
ree
Mi1e
Is1a
nd,
chan
ges
have
been
imp
1em
ent
ed
on
a c
ont
inu
ing
bas
is
to
imp
rov
e t
he
tim
e1i
nes
s,
acc
ura
cy,
and
c1arity of information transmitted between 1icensees and the U.S. NRC,
fo1
1ow
ing
acc
ide
nts
or
oth
er
sig
nif
ica
nt
eve
nts
at
ope
rat
ing
nuc
1ea
r p
owe
r
p1ants.
To
bet
ter
ach
iev
e t
hes
e g
oa1
s,
the
U.S
. N
RC
wi1
1 f
urt
her
ame
nd
Par
t 5
0 o
f
its
reg
u1a
tio
ns,
eff
ect
ive
Jan
uar
y 1
, 1
984
(5)
.
The
LER
‘s
wi1
1 r
equ
ire
a
c1e
ar
nar
rat
ive
des
cri
bin
g a
n e
ven
t,
inc
1ud
ing
the
cau
se,
p1a
nt
sta
tus
bef
ore
the
eve
nt,
and
the
seq
uen
ce
of
maj
or
occ
urr
enc
es
dur
ing
the
eve
nt.
A1s
o,
the
LER
wi1
1
inc
1ud
e t
he
1ic
ens
ee'
s a
sse
ssm
ent
of
the
pot
ent
ia1
and
act
ua1
saf
ety
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Regarding the release of radioactivity to the environment, events
reportable to the U.S. NRC include:
1. Any airborne radioactivity release that exceeds two times the
applicable concentrations of the limits specified in the U.S. NRC
regulations for unrestricted areas, when averaged over a time period
of one hour.
2. Any liquid effluent release that exceeds two times the limiting
combined maximum permissible concentration at the point of entry into
the receiving water in an unrestricted area for all radionuclides
except 3H and dissolved noble gases, when averaged over a time
period of one hour.
The effluent release reporting requirements of Part 20 of the U.S. NRC
regulations must also be met; as well, other operational events which meet the
criteria in Part 50 must be reported.
Unplanned releases from nuclear generating stations in the United States
are reported promptly by the licensee to the U.S. NRC duty officer in
Bethesda, Maryland. The information is provided in a daily report, which is
available throughout the U.S. NRC. For releases which do not exceed U.S. NRC
requirements, further publicity is not warranted. Also, because of the small
quantity of radioactivity which might be involved, such releases are not
Specifically reportedto the International Joint Commission. For unplanned
releases which exceed U.S. NRC requirements, or which could affect human
health or the environment, the information is made public through the media
and other apprOpriate means.
All releases, whether planned or unplanned, are reported in the facility's
semi-annual effluent report to the U.S. NRC. These totals are reported to the
International Joint Commission on an annual basis (see Table 6), but the
portion attributable to unplanned releases is not identified as such.
Canada
In Canada, information about unplanned releases is reported by the utility
to the Atomic Energy Control Board (AECB). The information is in turn
provided to the International Joint Commission by a representative of the AECB
with regard to:
l. Nuclear power plants exceeding their operating target of l% of the
derived release limit, calculated on a weekly or a monthly basis;
2. Other AECB licensees exceeding any operatingtargets contained in
their license conditions; or
3. Any occurrence of a lesser release (either atmOSpheric or aqueous) to
the Great Lakes or its tributaries which has a perceived public
interest, such as when the AECB or the licensee plans to issue a
press release describing the occurrence.
_ 13 _
 As in the United States, the quantity of radioactivity released via
unplanned events is included in the total release reported for each facility;
these totals are reported annually to the International Joint Commission (see
Tables 6 and 7).
Specific Release Events
 
Summarized below, for l98l, l982, and the first nine months of l983, are
those events reported to the International Joint Commission which resulted in
the unplanned release of radioactivity to the environment from facilities in
the Great Lakes basin. For most of these releases, license conditions and
Operating targets were not exceeded, and there was no threat posed to human
health and the environment. Although for one release event to the water, the
Operating target for the facility was exceeded, there was nonetheless no basis
for any environmental or human health concern.
Unplanned release events are briefly summarized below. Events which did
not result in the release of radioactivity are not discussed.
Ginna Nuclear Power Plant, Ontario, New York (6-ll)
On January 25, l982 one of the more than 3,000 small tubes which carry
superheated radioactive water from the primary cooling system through the
steam generator, ruptured. Thus, the water from the primary system
intermingled with steam in the secondary system, which drives the turbines of
the electric power generators. Pressure dropped in the primary system and
increased in the secondary system. This resulted in a release of radioactive
steam into the air and the spilling of mildly radioactive water onto the floor
of the reactor containment building. The reactor was stop ed and the plant
Shut dowgswithin minutes. Cold shutdown was achieved by tﬁe afternoon of
anuary .
The release of radioactive steam continued for about 2 hours and was
halted by the closing of a pressure release valve. The U.S. NRC's preliminary
estimate was that about 500 Ci was released in the form of noble gases. Field
survey teams reported that actual atmospheric radiation readings at the time
of the release were within safe limits even at the plant boundaries. The
highest reading recorded was 3 millirad per hour and, less than one—half mile
away, readings were at levels attributable to natural background radiation.
Radiation levels outside the building were about l millirad per hour; however,
within hours, levels were down to the normal background values.
The U.S. NRC concluded that the maximum dose a person outside the plant
might have received was about l5 mrem. For comparison, the dose from a
medical x-ray is in the range of 20-l00 mrem.
About 43,000 L (ll,000 gallons) of mildly radioactive water Spilled onto
the floor of the containment building, but none was released to the
environment. The water was subsequently removed to a holding tank, prior to
evaporation and solidification of the radioactive residue, which would be
diSposed of according to the established procedure.
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The
tot
ai
pot
ent
ia1
re1
eas
e
of
tri
tiu
m
to
the
env
iro
nme
nt
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12
0
Ci
.
Th
e
DR
L
fo
r
ai
rb
or
ne
re
le
as
es
fr
om
th
e
Br
uc
e
si
te
,
wh
ic
h
in
cl
ud
es
th
e
Do
ug
la
s
Po
in
t
fa
ci
li
ty
is
80
0,
00
0
Ci
pe
r
we
ek
an
d,
fo
r
wa
te
rb
or
ne
re
le
as
es
,
80
,0
00
Ci
pe
r
mo
nt
h.
Th
e
un
pl
an
ne
d
re
le
as
e
wa
s
le
ss
th
an
1%
of
th
e
DRL.
On
Se
pt
em
be
r
5,
19
83
,
an
es
ti
ma
te
d
3.
2
to
nn
es
of
de
ut
er
iu
m
ox
id
e
en
te
re
d
La
ke
Hu
ro
n
as
a
re
su
lt
of
a
le
ak
fr
om
th
e
pr
im
ar
y
he
at
tr
an
Sp
or
t
sy
st
em
in
to
th
e
co
ol
in
g
wa
te
r.
Th
e
du
ra
ti
on
of
th
e
le
ak
wa
s
90
mi
nu
te
s.
An
es
ti
ma
te
d
6,
00
0
Ci
of
tr
it
iu
m
re
ac
he
d
th
e
la
ke
;
th
is
wa
s
ab
ou
t
7%
of
th
e
mo
nt
hl
y
DR
L
fo
r
tritium in water.
Pi
ck
er
in
g
Nu
cl
ea
r
Ge
ne
ra
ti
ng
St
at
io
n,
On
ta
ri
o
(6
9,
91
)
On
Au
gu
st
4,
19
83
,
a
le
ak
oc
cu
rr
ed
in
a
he
at
ex
ch
an
ge
r
in
Un
it
1
of
th
e
Pi
ck
er
in
g
Nu
cl
ea
r
Ge
ne
ra
ti
ng
St
at
io
n.
Th
e
le
ak
co
nt
in
ue
d
fo
r
ab
ou
t
se
ve
n
ho
ur
s.
De
ut
er
iu
m
ox
id
e
co
nt
ai
ni
ng
ap
pr
ox
im
at
el
y
25
0
Ci
of
tr
it
iu
m
wa
s
re
le
as
ed
to
La
ke
On
ta
ri
o.
Th
e
mo
nt
hl
y
DR
L
is
1.
4
x
10
6
Ci
.
On
Au
gu
st
1,
19
83
,
Un
it
2
sh
ut
do
wn
wh
en
a
ma
jo
r
lo
ss
of
co
ol
an
t
oc
cu
rr
ed
th
ro
ug
h
a
ru
pt
ur
e
in
on
e
of
th
e
co
ol
an
t
tu
be
s.
Th
e
co
ol
an
t
wa
s
co
mp
le
te
ly
co
nt
ai
ne
d
in
si
de
th
e
re
ac
to
r
bu
il
di
ng
;
th
er
e
wa
s
no
di
re
ct
re
le
as
e
of
de
ut
er
iu
m
ox
id
e
or
of
tr
it
iu
m
to
La
ke
On
ta
ri
o.
On
Se
pt
em
be
r
4,
19
83
,
an
es
ti
ma
te
d
tw
o
to
nn
es
of
de
ut
er
iu
m
ox
id
e
en
te
re
d
La
ke
On
ta
ri
o
as
a
re
su
lt
of
a
he
at
ex
ch
an
ge
r
le
ak
at
Un
it
5.
An
es
ti
ma
te
d
60
0
Ci reached the lake.
El
do
ra
do
Re
so
ur
ce
s
Li
mi
te
d,
Po
rt
H0
pe
,
On
ta
ri
o
(1
1,
16
,
18
-2
0,
87
)
Fr
om
De
ce
mb
er
19
80
to
Ap
ri
l
19
81
,
th
e
re
po
rt
ed
ur
an
iu
m
le
ve
ls
in
du
st
fa
ll
in
th
e
vi
ci
ni
ty
of
th
e
El
do
ra
do
Re
so
ur
ce
s
re
fi
ne
ry
we
re
ge
ne
ra
ll
y
fo
ur
to
fi
ve
ti
me
s
th
e
no
rm
al
le
ve
l,
wi
th
a
ma
xi
mu
m
ob
se
rv
ed
va
lu
e
of
ab
ou
t
10
0
ti
me
s
th
e
no
rm
al
le
ve
l.
Th
e
es
ti
ma
te
d
ai
r
co
nc
en
tr
at
io
n
ex
ce
ed
ed
1
ug
/m
3.
Th
e
pr
ob
le
m
wa
s
tr
ac
ed
to
a
fa
ul
ty
ba
gh
ou
se
fi
lt
er
an
d
su
bs
eq
ue
nt
ly
co
rr
ec
te
d.
On
Ja
nu
ar
y
29
,
19
82
,
a
co
rr
od
ed
va
lv
e
ca
us
ed
11
5
L
of
ac
id
,
us
ed
to
pr
oc
es
s
ur
an
iu
m
at
th
e
U0
3
pl
an
t,
to
sl
ip
in
to
th
e
st
ea
m
sy
st
em
.
As
a
re
su
lt
,
fo
r
ab
ou
t
fo
ur
da
ys
fo
ll
ow
in
g
th
e
Sp
il
l,
th
e
av
er
ag
e
ur
an
iu
m
co
nc
en
tr
at
io
n
in
th
e
ha
rb
ou
r
wa
s
2.
3
mg
/L
.
Th
is
co
nc
en
tr
at
io
n
is
ab
ou
t
fo
ur
ti
me
s
th
e
li
mi
t
(0
.5
mg
/L
)
al
lo
we
d
in
th
e
fa
ci
li
ty
's
op
er
at
in
g
li
ce
ns
e
fo
r
th
e
di
sc
ha
rg
e
of
co
ol
in
g
wa
te
r
to
th
e
ha
rb
ou
r.
Fo
r
co
mp
ar
is
on
,
fo
r
th
e
pe
ri
od
19
79
-1
98
2,
th
e
av
er
ag
e
co
nc
en
tr
at
io
n
of
ur
an
iu
m
in
wa
te
r
fr
om
th
e
ha
rb
ou
r
wa
s
0.
18
mg
/L
;
th
is
va
lu
e
wa
s
re
po
rt
ed
by
El
do
ra
do
Re
so
ur
ce
s
Li
mi
te
d,
as
a
re
su
lt
of
mo
ni
to
ri
ng
th
e
wa
te
r
in
ta
ke
at
th
e
re
fi
ne
ry
.
Th
e
ma
xi
mu
m
ac
ce
pt
ab
le
co
nc
en
tr
at
io
n
fo
r
ur
an
iu
m
in
dr
in
ki
ng
wa
te
r
is
0.
02
mg
/L
,
es
ta
bl
is
he
d
by
th
e
De
pa
rt
me
nt
of
Na
ti
on
al
He
al
th
an
d
We
lf
ar
e
(2
6)
.
Th
e
Ca
na
da
De
pa
rt
me
nt
of
th
e
En
vi
ro
nm
en
t
re
po
rt
ed
th
at
no
ne
of
th
e
re
su
lt
in
g
co
nt
am
in
at
io
n
en
te
re
d
th
e
Po
rt
H0
pe
drinking water supply.
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On
De
ce
mb
er
21
,
19
82
a
fi
re
oc
cu
rr
ed
at
th
e
UF
s
pT
an
t.
Th
e
wa
te
r
us
ed
to
pu
t
ou
t
th
ef
ir
e
ca
rr
ie
d
ur
an
iu
m
to
th
e
ha
rb
ou
r.
A
ma
xi
mu
m
co
nc
en
tr
at
io
n
of
60
mg
/L
wa
s
re
po
rt
ed
;
th
is
de
cr
ea
se
d
to
7
mg
/L
af
te
r
tw
o
ho
ur
s.
Th
e
ma
xi
mu
m
ac
ce
pt
ab
Te
co
nc
en
tr
at
io
n
fo
r
ur
an
iu
m
in
dr
in
ki
ng
wa
te
r,
av
er
ag
ed
ov
er
a
pe
ri
od
of
on
e
ye
ar
,
is
0.
02
mg
/L
an
d
th
e
ob
je
ct
iv
e
$0
.0
01
mg
/L
.
Th
e
Po
rt
Ho
pe
dr
in
ki
ng
wa
te
r
su
pp
Ty
wa
s
mo
ni
to
re
d,
bu
t
no
in
cr
ea
se
in
ur
an
iu
m
1e
ve
1
wa
s
observed.
On
Ja
nu
ar
y
13
,
19
83
a
Te
ak
oc
cu
rr
ed
in
th
e
he
at
ex
ch
an
ge
r
of
th
e
ra
ff
in
at
e
ev
ap
or
at
or
,
at
th
e
U0
2-
U0
3
No
rt
h
PT
an
t.
Co
nd
en
sa
te
wa
s
di
ve
rt
ed
to
a
dr
ai
n
sy
st
em
,
an
d
wa
s
u1
ti
ma
te
1y
di
sc
ha
rg
ed
to
Po
rt
Ho
pe
Ha
rb
ou
r.
Si
x
ho
ur
s
af
te
r
th
e
Te
ak
be
ga
n,
th
e
co
nc
en
tr
at
io
n
of
ur
an
iu
m
at
th
e
ou
tf
aT
T
wa
s
re
po
rt
ed
to
be
ab
ou
t
0.
12
to
0.
14
mg
/L
an
d,
in
th
e
Ne
st
ST
ip
of
th
e
Ha
rb
ou
r,
ab
ou
t
0.
06
mg
/L
;
th
e
pH
at
th
e
ou
tf
aT
T
wa
s
re
po
rt
ed
to
be
1.
5.
On
su
bs
eq
ue
nt
da
ys
,
Ja
nu
ar
y
21
-2
8,
th
e
co
nc
en
tr
at
io
n
in
th
e
ha
rb
ou
r
wa
s
0.
04
mg
/L
.
Th
e
du
ra
ti
on
of
th
e
Te
ak
wa
s
3.
5
ho
ur
s.
Ab
ou
t
40
L
of
ra
ff
in
at
e
wa
s
To
st
.
In
ea
rT
y
19
82
,
th
e
At
om
ic
En
er
gy
Co
nt
ro
T
Bo
ar
d
re
ne
we
d
th
e
op
er
at
in
g
Ti
ce
ns
e
fo
r
th
e
re
fi
ne
ry
.
ET
do
ra
do
wa
s
di
re
ct
ed
to
su
bm
it
a
fi
rm
sc
he
du
Te
fo
r
co
mp
Te
ti
ng
re
qu
ir
em
en
ts
co
nc
er
ni
ng
mo
ni
to
ri
ng
of
em
is
si
on
s,
to
ma
ke
fu
rt
he
r
ef
fo
rt
s
to
id
en
ti
fy
re
ma
in
in
g
so
ur
ce
s
of
em
is
si
on
s,
an
d
to
co
nd
uc
t
a
de
ta
iT
ed
pT
an
t
in
sp
ec
ti
on
to
id
en
ti
fy
po
te
nt
ia
T
tr
ou
bT
e
sp
ot
s.
Ca
na
di
an
Ge
ne
ra
T
ET
ec
tr
ic
,
To
ro
nt
o
(2
1)
 
An
in
co
rr
ec
tT
y
fi
Tt
er
ed
di
sc
ha
rg
e
ve
nt
re
su
Tt
ed
in
th
e
re
Te
as
e
of
sm
aT
T
qu
an
ti
ti
es
of
ra
di
oa
ct
iv
e
th
or
iu
m
fr
om
a
Ca
na
di
an
Ge
ne
ra
T
ET
ec
tr
ic
pT
an
t
in
To
ro
nt
o
on
to
a
pa
rk
in
g
To
t
ou
ts
id
e
th
e
pT
an
t.
Le
ve
Ts
of
ra
di
oa
ct
iv
it
y
di
d
no
t
ek
ce
ed
fe
de
ra
T
(A
to
mi
c
En
er
gy
Co
nt
ro
T
Bo
ar
d)
st
an
da
rd
s.
Ho
we
ve
r,
th
e
On
ta
ri
o
Mi
ni
st
ry
of
th
e
En
vi
ro
nm
en
t
wa
s
co
nc
er
ne
d
ab
ou
t
th
e
po
wd
er
y
su
bs
ta
nc
e
be
co
mi
ng
To
os
e
or
mo
bi
Te
an
d,
th
er
ef
or
e,
re
qu
es
te
d
a
th
or
ou
gh
c1
ea
ni
ng
of
po
te
nt
ia
TT
y
co
nt
am
in
at
ed
su
rf
ac
es
;
th
is
c1
ea
ni
ng
ha
s
be
en
co
mp
Te
te
d.
Th
e
co
mp
an
y
no
w
se
nd
s
its
th
or
iu
m
wa
st
es
an
d
c1
ea
ni
ng
c1
0t
hs
to
th
e
fe
de
ra
T
fa
ci
Ti
ty
fo
r
ma
na
ge
me
nt
of
To
w-
1e
ve
1
ra
di
oa
ct
iv
e
wa
st
es
,
at
Ch
aT
k
Ri
ve
r,
On
ta
ri
o.
Tho
riu
m i
s u
sed
in
the
pro
duc
tio
n o
f 1
amp
coi
Ts.
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 4. Radioactivity from Coal- Fired and
Nuclear Electric Generating Plants
BACKGROUND AND CONCEPT OF STUDY
 
In a
ddit
ion
to n
ucle
ar f
acil
itie
s,
ther
e ar
e a
numb
er o
f fo
ssil
-fue
l
electric generating stations along the shores of the Great Lakes. Most of
these consume coal which contains traces of the uranium and thorium decay
series and of “"K. During the combustion of coal, these radionuclides
beco
me c
once
ntra
ted
in t
he f
ly a
sh,
some
of w
hich
esca
pes
poll
utio
n co
ntro
l
equipment and enters the atmOSphere. Furthernnre, all of the radon gas
trapped within the coal is released to the atmosphere. The diSposal of waste
ash from the thermal stations may also constitute a radiological problem,
sinc
e th
e as
h c
onta
ins
radi
onuc
lide
s at
conc
entr
atio
ns
seve
ral
time
s hi
gher
than those in normal soils.
Published reports (22, 23) have indicated that naturally occurring
radionuclides released in the combustion of coal may be comparable to the
routine emissions from a nuclear electric generating station. In order to
determine health impacts from radionuclides associated with electric power
gene
rati
on,
the
Cana
da D
epar
tmen
t of
Nati
onal
Heal
th a
nd W
elfa
re i
nves
tiga
ted
radionuclide releases from the Nanticoke coal-fired electric generating
station on Lake Erie and from the Pickering nuclear generating station on Lake
Ontario. Studies were conducted during l979 through l981 (l6, 24—25).
The
majo
r pa
thwa
ys f
or h
uman
expo
sure
are
inha
lati
on o
f ra
dion
ucli
des
in
the
air,
and
ing
est
ion
of
rad
ion
ucl
ide
s i
n f
ood
and
wat
er.
In
ord
er
to
dete
rmin
e ra
dion
ucli
de c
once
ntra
tion
s an
d ex
posu
re v
ia v
ario
us e
nvir
onme
ntal
rou
tes
, a
nal
yse
s w
ere
per
for
med
on
fee
d c
oal
, f
ly
ash
, a
nd
bot
tom
ash
sam
ple
s
coll
ecte
d fr
om t
he N
anti
coke
stat
ion;
air,
prec
ipit
ion,
soil
, a
nd v
eget
atio
n
sam
ple
s f
rom
the
vic
ini
ty
of
bot
h s
tat
ion
s;
and
ash
and
wat
er
sam
ple
s f
rom
the
stor
age
lago
on a
t Na
ntic
oke
and
from
the
Boot
h di
Spos
al
pit
near
Toro
nto.
Thi
s
lat
ter
pit
rec
eiv
es
ash
mai
nly
fro
m t
he
Lak
evi
ew
the
rma
l
gen
era
tin
g
station.
The
stu
dy
was
als
o d
esi
gne
d t
o d
iff
ere
nti
ate
amo
ng
rad
ion
ucl
ide
s f
rom
sources other than the two generating stations.
A m
ore
det
ail
ed
des
cri
pti
on
of
the
pro
gra
m,
inc
lud
ing
sam
pli
ng
and
ana
lyt
ica
l
pro
ced
ure
s,
has
bee
n p
ubl
ish
ed
24)
.
The
fin
din
gs
pre
sen
ted
bel
ow
are
fro
m
rep
ort
s
pub
lis
hed
by
the
Dep
art
men
t
of
Nat
ion
al
Hea
lth
and
Wel
far
e
16, 24—25 .
RESULTS
Feed Coal, Fly Ash, And Bottom Ash
An
al
ys
es
of
fe
ed
co
al
,
fl
y
as
h,
an
d
bo
tt
om
as
h
ar
e
su
mm
ar
iz
ed
in
Ta
bl
e
ll
.
Ra
di
on
uc
li
de
co
nc
en
tr
at
io
ns
in
th
e
as
h
ar
e
ge
ne
ra
ll
y
en
ri
ch
ed
by
a
fa
ct
or
of
7
to
8
wi
th
re
Sp
ec
t
to
co
al
.
Th
er
e
is
li
tt
le
di
ff
er
en
ce
be
tw
ee
n
fl
y
and bottom ash.
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TABLE 11
RA
DI
ON
UC
LI
DE
S
IN
NA
NT
IC
OK
E
FE
ED
CO
AL
AN
D
AS
H
          
 
CO
NT
EN
T
EN
RI
CH
ME
NT
FA
CT
OR
OV
ER
CO
AL
NU
CL
ID
E
CO
AL
FL
Y
ASH
BO
TT
OM
AS
H
FL
Y
AS
H
BO
TT
OM
AS
H
“°
K
(B
q/
kg
)
26
.4
:O
.6
2O
4:
4
24
5:
4
7.
7:
O.
2
9.
3:
o.
3
226
Ra
(Bq/
kg)
12.
4:O
.3
92:
3
91:
3
7.4
:O.
3
7.4
:O.
3
22
8R
a
(B
q/
kg
)
7.
5:
O.
2
58
:2
61
:2
7.
7:
O.
3
8.
1:
O.
3
u
(mg
/kg
)
1.0
1:0
.02
7.5
:O.
2
7 4
:0.
2
7.4
:O.
3
7.4
:O.
3
Th
(mg
/kg
)
1.8
5:0
.04
14.
1:O
.5
15.
O:O
5
7 7
:0.
3
8.1
:O.
3
Conversion factor: 1 Bq = 27pC1
TABLE 12
RADIONUCLIDE CONTENT IN SIFTED FRACTIONS 0F ASH SAMPLE
(Bq/kg)
MESH
SIZ
E
“°K
226
Ra
22°
Ra
(11m)
<2O
433
:2O
117
:6
85:
5
20-
32
440
:20
126:
2
99:
4
32-48 441:22 124:8 93:3
48-100 437:21 123:3 85:8
100-200 617:13 142:5 —
200-400 507:29 155:4 101:4
>4OO 544:28 170:4 106:10
Conversion factor: 1 Bq = 27 pCi
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 Th
e
co
nc
en
tr
at
io
ns
of
21
0P
b
an
d
22
6R
a
in
wa
te
r
sa
mp
1e
s
fr
om
th
e
as
h
st
or
ag
e
1a
go
on
at
Na
nt
ic
ok
e
an
d
th
e
di
sp
os
a1
pi
t
at
To
ro
nt
o
we
re
ge
ne
ra
11
y
be
1o
w
th
e
de
te
ct
io
n
1i
mi
t
of
0.
27
pC
i/
L.
Le
ac
hi
ng
of
th
es
e
ra
di
on
uc
1i
de
s
fr
om
th
e
as
h
wa
s
ne
g1
ig
ib
1e
,
he
nc
e,
gr
ou
nd
an
d
su
rf
ac
e
wa
te
r
we
re
no
t
be
in
g
contaminated by them.
Di
ss
o1
ve
d
22
2R
n
in
th
e
wa
te
r
wa
s
on
1y
ab
ou
t
2.
7
pC
i/
L,
wh
ic
h
wo
u1
d
pr
ec
1u
de
a
1a
rg
e-
sc
a1
e
em
an
at
io
n
of
ra
do
n
fr
om
th
e
as
h.
Th
e
co
nc
en
tr
at
io
n
of
ur
an
iu
m
in
1a
go
on
wa
te
r
sa
mp
1e
s
wa
s
1
to
2
ug
/L
.
Th
is
is
wi
th
in
th
e
ma
xi
mu
m
ac
ce
pt
ab
1e
co
nc
en
tr
at
io
n
of
20
ug
/L
fo
r
a
drinking water supp1y (26).
To
de
te
rm
in
e
if
th
er
e
wa
s
an
y
de
pe
nd
en
ce
of
ra
di
on
uc
1i
de
co
nc
en
tr
at
io
n
on
pa
rt
ic
1e
si
ze
,
an
a1
ys
es
we
re
pe
rf
or
me
d
on
si
ft
ed
as
h
fr
ac
ti
on
s.
Th
e
re
su
1t
s
of
on
e
su
ch
an
a1
ys
is
(T
ab
1e
12
)
in
di
ca
te
a
tr
en
d
of
in
cr
ea
si
ng
co
nc
en
tr
at
io
n
of
22
6R
a
an
d
2“
Ra
on
fi
ne
r
pa
rt
ic
1e
s.
Si
nc
e
it
is
th
e
fi
ne
r
pa
rt
ic
1e
s
wh
ic
h
ar
e
mo
st
1i
ke
1y
to
be
re
su
sp
en
de
d
by
wa
te
r
an
d
wi
nd
,
th
es
e
co
u1
d
be
de
po
si
te
d
in
th
e
1u
ng
s
if
su
bs
eq
ue
nt
1y
in
ha
1e
d.
Soi1
Re
su
1t
s
of
an
a1
ys
es
of
so
i1
sa
mp
1e
s
(T
ab
1e
13
)
sh
ow
th
at
7B
ei
12
5S
b,
13
7C
s,
an
d
11
"‘
Ce
ar
e
de
po
si
te
d
on
th
e
su
rf
ac
e
of
th
e
so
i1
;
on
1y
37
Cs
wa
s
fg
gg
d
at
a
de
pt
h
gr
ea
te
r
th
an
5
cm
.
Th
e
na
tu
ra
11
y
oc
cu
rr
in
g
ra
di
on
uc
1i
de
s
K,
Ra
,
an
d
Ra
ap
pe
ar
ed
to
be
un
if
or
m1
y
di
st
ri
bu
te
d
th
ro
ug
ho
ut
th
e
up
pe
r
15
cm
of
so
i1
,
in
di
ca
ti
ng
th
at
th
ey
ar
e
na
ti
ve
to
th
e
so
i1
ra
th
er
th
an
th
e
re
su
1t
of
su
rf
ac
e
de
po
si
ti
on
.
A1
1
ra
di
on
uc
1i
de
co
nc
en
tr
at
io
ns
ap
pe
ar
ed
so
me
wh
at
hi
gh
er
at
Na
nt
ic
ok
e
th
an
at
Pi
ck
er
in
g,
bu
t
th
is
co
u1
d
be
a
ge
ne
ra
1
fe
at
ur
e
of
t
e
Na
nt
ic
ok
e
ar
ea
.
Air and Precipitation
Re
su
1t
s
of
an
a1
ys
es
of
ai
r
fi
1t
er
s
ar
e
su
mm
ar
iz
ed
in
Ta
b1
e
14
.
Mo
re
th
an
98
%
of
th
e
ac
ti
vi
ty
ar
is
es
fr
om
7B
e
an
d
21
"P
b,
wi
th
th
e
re
ma
in
de
r
co
mi
ng
fr
om
1*"
K
an
d
1o
ng
-1
iv
ed
fi
ss
io
n
pr
od
uc
es
.
7B
e
is
pr
od
uc
ed
by
co
sm
ic
ra
y
bo
mb
ar
dm
en
t
in
th
e
up
pe
r
at
mO
Sp
he
re
an
d
ca
rr
ie
d
by
ai
r
mo
ve
me
nt
s
to
gr
ou
nd
1e
ve
1.
Co
nc
en
tr
at
io
ns
ar
e
co
mp
ar
ab
1e
to
gr
os
s
B
ac
ti
vi
ti
es
re
co
rd
ed
fo
r
On
ta
ri
o
in
ge
ne
ra
1
(2
4)
.
En
ha
nc
em
en
t
of
na
tu
ra
11
y
oc
cu
rr
in
g
ra
di
on
uc
1i
de
s
su
ch
as
21
°P
b
an
d
I’
°K
in
ai
r
sa
mp
1e
s
co
11
ec
te
d
in
th
e
vi
ci
ni
ty
of
th
e
Na
nt
ic
ok
e
st
at
io
n
wo
u1
d
in
di
ca
te
a
po
ss
ib
1e
co
nt
ri
bu
ti
on
fr
om
co
a1
co
mb
us
ti
on
.
Ho
we
ve
r,
ap
ar
t
fr
om
a
s1
ig
ht
ex
ce
ss
of
21
°P
b,
no
tr
en
ds
we
re
ap
pa
re
nt
.
Th
e
ma
jo
r
so
ur
ce
s
of
21
0P
b
ar
e
fr
om
th
e
de
ca
y
of
ra
do
n
ga
s
em
an
at
in
g
fr
om
th
e
so
i1
an
d
fr
om
th
e
co
mb
us
ti
on
of
co
a1
.
I"
’K
is
me
as
ur
ab
1e
on
1y
in
th
e
su
mm
er
an
d
ea
r1
y
fa
11
,
wh
en
dr
y
co
nd
it
io
ns
ar
e
co
nd
uc
iv
e
to
su
Sp
en
si
on
of
so
i1
pa
rt
ic
1e
s.
An
en
ha
nc
em
en
t
of
1o
ng
-1
iv
ed
fi
ss
io
n
pr
od
uc
ts
,
su
ch
as
1
“R
u,
1
“S
b
,
an
d
13
7C
s
in
ai
r
sa
mp
1e
s
co
11
ec
te
d
in
th
e
vi
ci
ni
ty
of
th
e
Pi
ck
er
in
g
st
at
io
n
wo
u1
d
in
di
ca
te
a
po
ss
ib
1e
co
nt
ri
bu
ti
on
fr
om
nu
c1
ea
r
re
ac
to
rs
.
Ho
we
ve
r,
an
a1
ys
is
of
th
e
ai
r
fi
1t
er
s
co
11
ec
te
d
ne
ar
Pi
ck
er
in
g
sh
ow
ed
no
en
ha
nc
em
en
t
of
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TABLE I3
RAD
ION
UCL
IDE
CON
CEN
TRA
TIO
NS
IN
SOI
LS
NEA
R G
ENE
RAT
ING
STA
TIO
NSa
:c
(Bq/kg)
 
PICKERING NUCLEAR
NANTICOKE THERMAL
  
NUCLIDE GENERATING STATION GENERATING STATION
5 km E 11 km E 5 km NNE 10 km NNE
’Be b 10:2 54:12 18:9
b b b b
“°K 622:5 505:5 762:10 839:8
644:7 520:5 709:7 832:7
1255b b I.o:o.3 5.1:o.80
b b b
1"Cs 15.3:o.3 13.2:o.3 40.4:o.6 32.9:o.4
L4w3 Ismz szﬂxw Thoma
mGe 1.8:o.7 3.0:o.6 14.0:T.5
b b b
226Ra 26.1:I.o 21.4:I.o 20:3 34.1:I.7
20.1:T.o 23 7:0.7 28:2 35.8:o.9
228Ra 24.5:o.7 T7.9:o.5 4T.6:T.2 43:2
25.6:I.2 20.5:0 5 34.8:I.3 44.2:I.2
     
a. Upper vaTues correspond to the upper 2“ of 5011, and Tower vaTues
correspond to 2" - 6“ depth of 5011.
b. Not detected.
c. Conversion factor: 1 Bq = 27pCi.
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TABLE 14
SUMMARY OF RADIONUCLIDE CONCENTRATIONS“c
IN AIR AT NANTICOKE AND PICKERING
  
(PBq/m3)
1979 1980
RAD
ION
UCL
IDE
LOC
ATI
ON
OCT
. T
O
JAN
. T
O
APR
. 1
0
JUL
Y T
O
OCT
. T
O
DEC. MARCH JUNE SEPT. DEC.
’Be
Nan
tic
oke
281
4
398
0
427
0
349
0
346
0
Pic
ker
ing
203
0
330
0
338
0
311
0
305
0
“°K
Nan
tic
oke
b
b
b
63.
8
35.
0
Pic
ker
ing
b
b
b
27.
0
39.
3
1“R
u
-Na
nti
c0k
e
3.0
3.5
13.
7
3.4
b
Pic
ker
ing
8.6
7.5
15.
1
6.7
b
12%
6
Nm
tn
mw
44
25
&1
2A
b
Pic
ker
ing
b
b
6.6
1.2
b
1“
Cs
Nan
tic
oke
6.3
8.7
23.
4
17.
4
6.1
Pic
ker
ing
5.4
7.7
15.
6
12.
7
5.1
1““
Ce
Nan
tic
oke
9.7
12.
4
27.
5
16.
8
56.
6
Pi
ck
er
in
g
4.
4
7.1
16.
6
10.
7
9.1
2“
Pb
Na
nt
ic
ok
e
93
1
77
5
37
8
80
6
50
2
Pi
ck
er
in
g
46
6
45
6
30
3
70
9
62
0
      
a.
Pr
ec
is
io
n
is
t
30
%
fo
r
10
“R
u,
12
5S
b,
an
d
1""
(2e
an
d
i
10
%
fo
r
the others (68% confidence 1imits).
b. Not detected.
c.
Co
nv
er
si
on
fa
ct
or
:
1
Bq
=
27
pC
i.
-27-
   
 fi
ss
io
n
pr
od
uc
t
ac
ti
vi
ti
es
re
1a
ti
ve
to
th
os
e
fr
om
th
e
Na
nt
ic
ok
e
ar
ea
.
Th
e
tr
ac
es
of
1o
ng
-1
iv
ed
fi
ss
io
n
pr
od
uc
ts
ob
se
rv
ed
ar
e
ge
ne
ra
11
y
as
so
ci
at
ed
wi
th
wo
r1
dw
id
e
fa
11
ou
t
fr
om
nu
c1
ea
r
we
ap
on
s
te
st
in
g.
Th
e
hi
gh
va
1u
e
of
ll
"‘
Ce
re
co
rd
ed
in
1a
te
19
80
ma
y
be
as
so
ci
at
ed
wi
th
th
e
at
mo
sp
he
ri
c
we
ap
on
s
te
st
co
nd
uc
te
d
on
Oc
to
be
r
16
,
19
80
.
Th
e
st
ud
ie
s
a1
so
sh
ow
ed
th
at
th
e
co
nc
en
tr
at
io
ns
of
13
76
5
an
d
21
0P
b
ar
ou
nd
Na
nt
ic
ok
e
ar
e
no
t
si
gn
if
ic
an
t1
y
en
ha
nc
ed
at
do
wn
wi
nd
si
te
s.
Ra
di
oc
he
mi
ca
1
an
a1
ys
es
ca
rr
ie
d
ou
t
on
ai
r
fi
1t
er
an
d
pr
ec
ip
it
at
io
n
sa
mp
1e
s
fo
r
2“
Ra
an
d
fo
r
to
ta
1
ur
an
iu
m
sh
ow
ed
no
ap
pa
re
nt
tr
en
ds
at
Na
nt
ic
ok
e
th
at
co
u1
d
be
at
tr
ib
ut
ed
to
em
is
si
on
s
fr
om
th
e
co
a1
-f
ir
ed
st
at
io
n.
Co
nc
en
tr
at
io
ns
ra
ng
ed
fr
gm
1.
9
to
5.
4
x
10
‘5
pC
i/
m3
,
wi
th
a
me
an
of
3.
0
i
0.
54
x
10
'
pC
i/
m
.
Th
e
me
an
va
1u
e
re
co
rd
ed
fo
r
th
e
Pi
ck
er
in
g
ar
ea
wa
s
1.
6
i
0.
8
x
10
'5
pC
i/
m3
.
Av
er
ag
e
mo
nt
h1
y
2
“R
a
de
po
si
ti
on
s
at
tw
o
si
te
s
in
th
e
Na
nt
ic
ok
e
ar
ea
we
re
5.
9
i
1.
3
pC
i/
m2
.m
on
th
an
d
14
.0
i
6.
8
pC
i/
mi
ém
gn
th
,
co
mp
ar
ab
1e
to
a
me
an
va
1u
e
of
6.
5
pC
i/
m2
.m
on
th
at
Ne
w
Yo
rk
City 7 .
Vegetation
13
7C
Pr
od
uc
e
sa
mp
1e
s
fr
om
th
e
Na
nt
ic
ok
e
ar
ea
sh
ow
ed
mi
nu
te
tr
ac
es
of
7B
e
an
d
SC
DOSE T0 MAN
Th
e
De
pa
rt
me
nt
of
Na
ti
on
a1
He
a1
th
an
d
We
1f
ar
e
es
ti
ma
te
d
(1
6)
a
do
se
eq
ui
va
1e
nt
of
0.
01
mr
em
/a
(0
.1
uS
v/
a)
,
du
e
to
in
ha
1a
ti
on
,
fo
r
an
in
di
vi
du
a1
wh
o
1i
ve
s
at
th
e
po
si
ti
on
of
ma
xi
mu
m
gr
ou
nd
1e
ve
1
co
nc
en
tr
at
io
n
at
10
km
ea
st
of
th
e
p1
an
t.
An
in
di
vi
du
a1
wh
o
co
ns
um
es
fo
od
gr
ow
n
en
ti
re
1y
in
th
e
p1
an
t
Vi
ci
ni
ty
co
u1
d
re
ce
iv
e
a
do
se
eq
ui
va
1e
nt
of
0.
02
7
mr
em
/a
(0.
27
uS
v/
a)
.
Th
es
e
ar
e
ex
tr
em
e1
y
1o
w
co
mp
ar
ed
to
an
es
ti
ma
te
d
do
se
of
3
mr
em
/a
(3
0
uS
v/
a)
at
the
sit
e
bou
nda
ry
of
the
Pic
ker
ing
Nuc
1ea
r
Gen
era
tin
g
Sta
tio
n
(90
),
or
to
th
e
do
se
of
20
0
mr
em
/a
(2
,0
00
uS
v/
a)
fr
om
no
rm
a1
ba
ck
gr
ou
nd
ra
di
at
io
n.
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5.
Ob
je
ct
iv
es
, S
ta
nd
ar
ds
,
an
d
Cr
it
er
ia
Mea
sur
eme
nts
of
rad
ioa
cti
vit
y i
n t
he
Gre
at
Lak
es
bas
in
are
in
ter
ms
of
con
cen
tra
tio
n,
whe
rea
s t
he
Agr
eem
ent
obj
ect
ive
is
in
ter
ms
of
dos
e t
o m
an.
T
Thi
s c
hap
ter
des
cri
bes
rec
ent
cha
nge
s i
n t
he
con
ver
sio
n f
act
ors
bet
wee
n t
he
two.
The
Grea
t La
kes
juri
sdic
tion
s ha
ve e
stab
iish
ed
Timi
tati
ons
for
the
conc
entr
atio
ns o
f ra
dion
ucli
des
in d
rink
ing
wate
r.
Comp
aris
on o
f ob
serv
ed
conc
entr
atio
ns w
ith
thes
e Ti
mita
tion
s, a
s we
TT a
s wi
th t
he A
gree
ment
obje
ctiv
e
prov
ides
a me
asur
e of
the
stat
us o
f th
e Gr
eat
Lake
s wi
th r
egar
d to
radi
oact
ivit
y,
and
iden
tifi
es a
reas
wher
e co
rrec
tive
meas
ures
may
be
requ
ired
.
This
chap
ter
aTso
desc
ribe
s re
cent
chan
ges
in d
rink
ing
wate
r
Timi
tati
ons
and
tabu
Tate
s th
e pr
esen
t va
Tues
for
the
Grea
t La
kes
juri
sdic
tion
s.
AGREEMENT OBJECTIVE
The
s e
cif
ic
rad
ioa
cti
vit
y o
bje
cti
ve
for
the
Gre
at
Lak
es
is
giv
en
in
Ann
ex
T of the 978 Great Lakes Water QuaTity Agreement:
The TeveT of radioactivity in waters outside of any defined source
controT area shoqu not resuTt in a TEDso (totaT equivaTent dose
integrated over 50 years as caTcuTated in accordance with the
methodoiogy estabTished by the InternationaT Commission on
RadioTogicaT Protection) greater than T miTTirem to the whoTe body
from a daiTy ingestion of 2.2 Titres of Take water for one year. For
dose commitments between T and 5 miTTirem at the periphery of the
source controT area, source investigation and corrective action are
recommended if reieases are not as Tow as reasonabTy achievabie. For
dose commitments greater than 5 miTTirem, the reSponsibTe reguTatory
authorities shaTT determine appropriate corrective action.
   
The objective was deveTOped to protect pubTic heaTth and the environment.
It c
onsi
ders
both
ambi
ent
wate
r qu
aTit
y an
d co
ntro
T of
reTe
ase
of r
adio
acti
ve
materiaTs.
CONCENTRATION-TO-DOSE CONVERSION FACTORS
The
obje
ctiv
e is
expr
esse
d in
term
s of
a to
tai
equi
vaTe
nt d
ose
to a
n
ind
ivi
dua
i o
ver
a p
eri
od
of
50
yea
rs.
The
dos
e c
an
be
caT
cuT
ate
d f
rom
meas
ured
conc
entr
atio
n va
Tues
, us
ing
appr
opri
ate
conv
ersi
on f
acto
rs f
or e
ach
radionuciide of interest.
In
197
7,
the
Int
ern
ati
ona
i
Com
mis
sio
n o
n R
adi
oio
gic
aT
Pro
tec
tio
n
(IC
RP)
pub
lis
hed
(28
) a
set
of
new
rec
omm
end
ati
ons
whi
ch
cha
nge
d t
he
way
in
whi
ch
the
dos
e t
o a
par
tic
uia
r o
rga
n o
r t
iss
ue
is
reT
ate
d t
o t
he
dos
e t
o t
he
who
Te
bo
dy.
Th
e
ICR
P
ph
iT
os
op
hy
has
be
en
de
sc
ri
be
d
in
so
me
de
ta
il
(2
8-
30
).
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In
it
s
19
78
re
po
rt
(2
9)
,
th
e
Ra
di
oa
ct
iv
it
y
Su
bc
om
mi
tt
ee
pr
es
en
te
d
a
ta
bl
e
of
do
se
co
nv
er
si
on
fa
ct
or
s
wh
ic
h
co
nf
or
me
d
to
th
e
IC
RP
's
ne
w
re
co
mm
en
da
ti
on
s.
Th
e
Su
bc
om
mi
tt
ee
no
te
d,
ho
we
ve
r,
th
at
th
es
e
fa
ct
or
s
wo
ul
d
ch
an
ge
af
te
r
th
e
IC
RP
pu
bl
is
he
d
it
s
re
fi
ne
d
do
se
ca
lc
ul
at
io
ns
.
Th
es
e
re
fi
ne
d
ca
lc
ul
at
io
ns
we
re
su
bs
eq
ue
nt
ly
pu
bl
is
he
d
in
IC
RP
30
an
d
it
s
Su
pp
le
me
nt
s
(3
1)
.
Ba
se
d
on
th
is
an
d
ot
he
r
IC
RP
in
fo
rm
at
io
n,
th
e
co
nc
en
tr
at
io
n
to
do
se
co
nv
er
si
on
fa
ct
or
s
ha
ve
be
en
re
ca
lc
ul
at
ed
(3
2)
an
d
ar
e
pr
es
en
te
d
in
Ta
bl
e
15
.
Th
es
e
va
lu
es
ar
eb
as
ed
on
“w
ho
le
bo
dy
"
or
TE
Ds
o-
ty
pe
do
se
s.
Th
e
TE
Ds
o
gi
ve
n
in
th
e
Ag
re
em
en
t
ob
je
ct
iv
e
is
wh
at
th
e
IC
RP
ca
ll
s
an
“e
ff
ec
ti
ve
do
se
eq
ui
va
le
nt
“
an
d
im
pl
ie
s
th
e
us
e
of
so
me
va
lu
e
or
"w
ei
gh
t"
,
wh
ic
h
is
a
fu
nc
ti
on
of
th
e
ri
sk
as
so
ci
at
ed
wi
th
ea
ch
or
ga
n
do
se
,
an
d
th
en
su
mm
in
g
th
e
ri
sk
s.
IC
RP
uses
{T
wT
HT
=
Ef
fe
ct
iv
e
do
se
eq
ui
va
le
nt
wh
er
e
wT
is
a
we
ig
ht
in
g
fa
ct
or
re
pr
es
en
ti
ng
th
e
pr
op
or
ti
on
of
th
e
st
oc
ha
st
ic
ri
sk
re
su
lt
in
g
fr
om
ti
ss
ue
(T
)
to
th
e
to
ta
l
ri
sk
,
wh
en
th
e
wh
ol
e
bo
dy
is
ir
ra
di
at
ed
un
if
or
ml
y,
an
d
HT
is
th
e
an
nu
al
do
se
eq
ui
va
le
nt
in
ti
ss
ue
T.
Th
e
va
lu
es
of
wT
re
co
mm
en
de
d
by
th
e
IC
RP
ar
e
gi
ve
n
in
IC
RP
26
,
pa
ra
gr
ap
h
10
5
28 .
An
ex
la
na
ti
on
as
to
ho
w
th
e
va
lu
es
in
Ta
bl
e
15
we
re
de
ri
ve
d
is
pr
es
en
te
d
below (32 .
Th
e
ba
si
c
va
lu
e
us
ed
fo
r
al
l
de
ri
va
ti
on
s
is
th
e
an
nu
al
li
mi
t
of
in
ta
ke
(A
LI
)
gi
ve
n
in
IC
RP
30
.
Th
e
AL
I
is
th
at
am
ou
nt
of
ra
di
oa
ct
iv
it
y
wh
ic
h,
in
ge
st
ed
or
in
ha
le
d,
gi
ve
s
an
ef
fe
ct
iv
e
do
se
of
5
re
m
af
te
r
50
ye
ar
s,
wh
ic
h
is
th
e
li
mi
t
ba
se
d
on
st
oc
ha
st
ic
ef
fe
ct
s.
IC
RP
ha
s
an
"e
ff
ec
ti
ve
do
se
eq
ui
va
le
nt
"
AL
I.
Th
is
is
a
ri
sk
-w
ei
gh
te
d
"w
ho
le
bo
dy
"
do
se
, w
hi
ch
is
eq
ui
va
le
nt
to
th
e
TE
Ds
o
re
fe
rr
ed
to
in
th
e
Ag
re
em
en
t
ob
je
ct
iv
e
(s
ee
IC
RP
26
,
pa
ra
gr
ap
h
10
4)
(2
8)
,
or
a
"n
on
-s
to
ch
as
ti
c“
li
mi
t
(5
0
re
m)
fo
r
an
y
si
ng
le
or
ga
n.
In
ea
ch
ca
se
,
th
e
l
mr
em
/a
nu
mb
er
gi
ve
n
in
Ta
bl
e
15
is
ba
se
d
on
th
e
st
oc
ha
st
ic
“w
ho
le
bo
dy
"
ef
fe
ct
iv
e
do
se
eq
ui
va
le
nt
va
lu
e
wh
ic
h
is
gi
ve
n
in
IC
RP
30
(s
om
et
im
es
in
pa
re
nt
he
se
s)
.
Th
e
ch
an
ge
s
in
Ta
bl
e
15
fr
om
th
e
va
lu
es
pr
es
en
te
d
by
th
e
Ra
di
oa
ct
iv
it
y
Su
bc
om
mi
tt
ee
in
19
78
ar
e
pr
im
ar
il
y
du
e
to
th
re
e
fa
ct
or
s:
1.
In
th
e
19
78
ta
bl
e,
fo
r
ea
ch
ra
di
on
uc
li
de
,
on
ly
on
e
"t
is
su
e
at
ri
sk
"
wa
s
co
ns
id
er
ed
.
Ho
we
ve
r,
ma
ny
or
ga
ns
or
ti
ss
ue
s
mu
st
be
co
ns
id
er
ed
fo
r
ea
ch
ra
di
on
uc
li
de
.
Ra
th
er
th
an
li
st
al
l
or
ga
ns
an
d
we
ig
ht
ed
or
ga
n
do
se
s
fo
r
ea
ch
ra
di
on
uc
li
de
,
in
di
vi
du
al
or
ga
ns
ha
ve
be
en
dropped from the table.
2.
Th
e
pr
ev
io
us
ta
bl
e
wa
s
ba
se
d
on
es
ti
ma
te
s
of
wh
at
th
e
IC
RP
ca
lc
ul
at
io
ns
wo
ul
d
lo
ok
li
ke
.
Th
e
ne
w
ta
bl
e
is
di
re
ct
ly
fr
om
IC
RP
30
.
3.
Ta
bl
e
15
is
no
w
en
ti
re
ly
ba
se
d
on
th
e
“w
ei
gh
te
d
wh
ol
e
bo
dy
“
or
ef
fe
ct
iv
e
do
se
co
nc
ep
t
of
IC
RP
30
,
wi
th
no
or
ga
n
do
se
s
gi
ve
n
(s
om
e
of
th
es
e
ma
y
be
fo
un
d
in
th
e
Su
pp
le
me
nt
s
to
IC
RP
30)
.
29
To
il
lu
st
ra
te
th
e
ca
lc
ul
at
io
ns
pe
rf
or
me
d,
fo
ll
ow
in
g
is
an
ex
am
pl
e
fo
r
I.
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TABLE 15
DOSE CONVERSION FACTORS AND SPECIFIC OBJECTIVE CONCENTRATIONSaab:c
 
ANNUAL DOSE ANNUAL EFFECTIVE CONCENTRATION
LIMIT OF CONVERSION INTAKE FOR DOSE FOR
NUCLIDE INTAKE FACTOR I mrem/a EQUIVALENT I mrem/a
(Bq) (Egg?) (pCI) (mggm / 2E1) (pCT/L)
3H 2.9x109 6.4x10‘8 1.6x107 5.1x10‘5 20,000
9°Sr 1.4x106 1.3x10'“ 7.6xIO3 I.Tx10'1 9.4
226Ra 1.7x105 I.Ixio'3 9.2x102 8.8x10'1 1.1
1“Cs 2.5xIO6 7.4x10'5 T.4xIO“ 6.0x10'2 17
1"Cs 3.7xIO6 5.0x10'5 2.0xIO” 40fo2 25
1291 6.7x105 2.8x10'“ 3.6xIO3 2.2xIO'1 4.5
1311 3.5xIO6 5.3x10'5 1.9x10” 4.3x10'2 24
6°00 7.2xTO6 2.6x10‘5 3.9xIO“ 2.1x10'2 48
58Co 5.3xIO7 3.5x10‘6 2.9x105 2.8x10'3 360
652n 1.3x107 1.4x10‘5 7.0x10“ 1.1xIO'2 87
952r 5.4x107 3.4x10'6 2.9xIO5 2.8x10'3 360
1“Ru 8.7x106 2.1x10‘s 4.7xTO“ 1.7x10'2 59
1“Sb 7.6x107 2.4x10'6 4.1on5 2.0xIO‘3 510
mCe 9.4xTO6 2.0x10'5 5.1x10“ 1.6x10‘2 63
5"Mn 6.9xIO7 2.7x10'6 3.7xTO5 2.2x10'3 460
      
a. Revised to conform to ICRP 26 and ICRP 30 (References 28 and 31,
reSpectiveTy).
b. Numbers in coiumns 2-5 have been rounded to two digits. Numbers in the
Tast coTumn have aiso been rounded to two digits, but were caicuiated,
using unrounded numbers fran the previous coiumns.
c. Information from Reference (32).
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Fr
om
ICR
P,
th
e
ALI
fo
r
129
1
=
6.7
x
105
Bq;
it
is
th
is
va
1u
e
wh
ic
h
yie
1ds
the
5
rem
"wh
o1e
bod
y“
dos
e.
The
rea
1
ALI
is
2 x
105
Bq,
whi
ch
giv
es
50
"un
wei
ght
ed"
rem
to
the
thy
roi
d.
Sin
ce
the
Agr
eem
ent
has
no
"no
n-s
toc
has
tic
“ 1
imi
t f
or
eac
h o
rga
n,
thi
s 1
att
er
va1
ue
is
ign
ore
d.
Fro
m p
age
202
of
the
Sup
p1e
men
t t
o P
art
1 o
f I
CRP
30,
the
"un
wei
ght
ed"
do
se
co
nv
er
si
on
fa
ct
or
is
2.
5
x
10
‘G
Sv
/B
q.
Th
e
(AL
I)
of
6.
7
x
105
Bq
gives
(6.7
x 1
05
Bq)
(2.5
x 1
0"6
SV/
Bq)
= 1
.67
5 S
v =
167
.5
rem
The
"we
igh
t"
of
the
thy
roi
d i
s 0
.03
,
and
the
"we
igh
ted
" d
ose
is
(1
.6
75
Sv
)
(0
.0
3)
=
0.
05
03
Sv
or, rough1y, the 5 rem "stochastic" 1imit.
If
one
ass
ume
s t
hat
the
6.7
x 1
OSB
q (
ALI)
giv
es
a 5
rem
1im
it,
thi
s c
an
be
sca
1ed
to
giv
e
the
mi1
1ir
em/
pic
ocu
rie
dos
e
con
ver
sio
n
fac
tor
:
(6.7 x 1OSBq) (27 pCi/Bq) = 1 pCi
‘5 x 10‘ mrem x mrem
 
x = 2.76 x 10'“ mrem/pCi
The annua1 intake for 1 mran/a is the inverse of x:
x‘1 = 3.62 x 103 pCi/1 mrem
The
Agr
eem
ent
obj
ect
ive
ass
ume
s a
dai
1y
ing
est
ion
of
2.2
1it
res
of
wat
er,
or 803 1itres per year. Since
1 pCi 803L = -
803 pC‘I /a
then
803 pCi x mrem = o_222 mren/a
a pCi pC17E
The inverse of this is the 1ast co1umn in Tab1e 15, that is, the
concentration which yie1ds the Agreement objective of 1 mrem/a:
1 = 4.5 pCi/L
0.222 mrem7a mrem7a
pCi7E
JURISDICTIONAL LIMITATIONS
 
Both Canada and the United States have 1imitations for the concentration
of radionuc1ides in drinking water. These 1imitations are presented in Tab1e
16, a1ong with the concentrations which wou1d resu1t in a dose of 1 mrem - the
Agreement objective.
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TABL
E 1
6
LIMITATIONS ON RADIONU
CLIDES IN WATER
 
C O N C E N T R A T I O N I N pCi/L
CONCENTRATION
U.S. EPA NATIONAL ONTARIO MOE CANADA DNHN - RECOMMENDED LIMITS CANADA DNHN (TWO—PRESENT)f EQUIVALENT TO
RADIONUCLIDE INTERIM PRIMARY DRINKING PROVINCIAL HATER FOR RADIONUCLIDES IN BRINKING NATER ONTARIO MOE (l983-PRESENT)g AGREEMENT
HATER REGULATIONS QUALITY OBJECTAVES ————'——'—*—"‘(l968-l977) i b b . OBJECTIVE 0F
(lQ77—PRESENT) (1964-1982) OBJECTIVE ACCEPTABLE MPL TARGET MAC ’3 I mrem/a
 
-
3
3
-
 
3H 2 x 10“
- 3 x 106 1 x 10’ 3 x107 1.08 x 105 1.08 x 10‘ 2 x10“
“Sr
8c
10 400 1,300 4,000 27 270 9.4
’“I
3
-
2,000 6,000 20,000 27
270
24
1 3 ’Cs
200
-
20,000 60,000 200,000 140
1,400 ‘ 25
“‘Ra
-
3
10
30
100
2.7
27
1.1
226Ra + zzaRa
5
-
-
-
‘
'
‘
'
Gross a
15a
- —
_ _
_ 2.7K
_
Gross B
50
- —
- -
_ 27k
_
U (Hg/L) — ' - - - — 1 20 —
       
I
U
D
U
‘
U
U
H
—
m
g
'
P
'
W
X
Excluding radon and uranium.
Objectives are officially presented as Bq/L, but have been converted to pCi/L using the conversion factor: 1 Bq = 27 pCi.
4 mrem, from 40 CFR 141.
From Reference (34).
From Reference (67).
From Reference (26).
From Reference (33).
From Reference (35).
MPL = maximum permissible limit.
MAC = maximum acceptable concentration.
Screening limit.
  
   
The
U.S
. E
PA'
s N
ati
ona
l
Int
eri
m P
rim
ary
Dri
nki
ng
Wat
er
Reg
ula
tio
ns
(35
)
for
rad
ioa
cti
vit
y
bec
ame
eff
ect
ive
Jun
e
24,
l97
7
and
bec
ame
,
in
ess
enc
e,
the
sta
nda
rds
by
whi
ch
all
dri
nki
ng
wat
er
sup
pli
es
in
the
Uni
ted
Sta
tes
are
judged. These values are based on ICRP 2.
The
gui
del
ine
s -
bot
h p
ast
and
pre
sen
t —
pub
lis
hed
by
the
Can
ada
Dep
art
men
t o
f N
ati
ona
l H
eal
th
and
Wel
far
e (
DNH
W)
hav
e b
een
bas
ed
on
the
rec
omm
end
ati
ons
of
the
ICR
P f
or
the
occ
upa
tio
nal
int
ake
of
rad
ion
ucl
ide
s,
wit
h
"sa
fet
y f
act
ors
"
inc
orp
ora
ted
to
ren
der
the
m a
ppl
ica
ble
to
the
pub
lic
.
As
the
bod
y o
f a
vai
lab
le
sci
ent
ifi
c d
ata
has
inc
rea
sed
, a
num
ber
of
cha
nge
s h
ave
tak
en
pla
ce
in
the
ICRP
rec
omm
end
ati
ons
.
The
se
cha
nge
s h
ave
ser
ved
as
the
bas
is
for
cha
nge
s i
n t
he
gui
del
ine
s a
dop
ted
by
bot
h D
NHN
and
b
the
Pro
vin
ce
of
Ont
ari
o.
The
maj
or
cha
nge
s,
as
the
y p
ert
ain
to
226
Ra
and
9 Sr
, a
re
summarized below (74).
In
1959
, t
he
max
imu
m p
erm
iss
ibl
e c
onc
ent
rat
ion
(MPC
) f
or
226
Ra
in
wat
er
was
l00
pCi
/L
and,
for
9°Sr
l,0
00
pCi
/L,
for
con
tin
uou
s o
ccu
pat
ion
al
exp
osu
re
(24
hou
rs
per
day,
365
day
s p
er
yea
r)
(70)
.
The
ICRP
ack
now
led
ged
at
that
time
, ho
weve
r,
that
the
calc
ulat
ions
on w
hich
the
MPC'
s we
re b
ased
were
a
"dra
stic
over
simp
lifi
cati
on"
for
many
radi
onuc
lide
s, a
nd e
spec
iall
y fo
r th
e
bone
—see
king
ones
. T
he a
ssum
ptio
n e
mplo
yed
was
that
a ra
dion
ucli
de w
hich
had
accu
mula
ted
in a
n or
gan
woul
d be
elim
inat
ed a
t a
cons
tant
rate
(i.e
. an
exponential model).
For
bone
-see
king
radi
onuc
lide
s, d
ata
supp
orte
d th
e vi
ew t
hat
the
frac
tion
eliminated varied inversely with time (i.e. a power function model). Using
the power function model, MPC's of l,000 and 6,000 pCi/L were calculated,
reSpectively, for 226Ra and 9°Sr. Nonetheless, the ICRP recommended the
lowe
r va
lues
, ca
lcul
ated
from
the
expo
nent
ial
mode
l,
"in
larg
e pa
rt
...
by t
he
desire to give a unified and economical presentation of the material."
By l962, extensive data had become available on the metabolism of
strontium and calcium. The new data indicated lower strontium-to-calcium
ratios in new bone than had previously been assumed, and a large data base had
been assembled on the concentrations of strontium and calcium in bone.
Consequently, the MPC for 9°Sr in water was revised upwards to 4,000 pCi/L
(7l). This revised MPC, based on the new information, was not very different
frgm that resulting from the previous calculation using the power function
mo el.
In l972, the ICRP published a detailed analysis of the metabolism of
alkaline earth elements (72). The analysis clearly demonstrated that a power
function model, with modifications to account for very short- and for very
long-term observations, gave a much better fit to the observed data and wore
closely described the processes of bone physiology than a simple exponential
function. This model was subsequently used in the ICRP's most recent
calculations.
Although a-emitting radionuclides, such as 226Ra and 9°Sr, are
incorporated into bone, the ICRP has recognized, since 1959, that bone is one
of the least sensitive tissues to radiation damage. Until 1976, the
occupational dose limit for bone was 30 rem per year. In l976, the concept of
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 weighted risk implied that a dose of 170 rem to bone would result in the same
risk of cancer as 5 rem to the whole body (28). To protect against
non-stochastic effects, the occupational annual limit of intake (ALI) was
based on a dose commitment of 50 rem to bone from a one-year intake.
The result of the above-described changes is that the concentration
correSponding to the occupational dose limit for the continuous ingestion of
225Ra has changed from 100 pCi/L in 1959 to 2,700 pCi/L in 1979 and, for
9°Sr, from 1,000 to 27,000 pCi/L, in each case, a factor of 27.
Also, during this time, the ICRP has become less precise in its
recommendations for the protection of the general population. In 1959 and
again in 1962, dose limits for individual members of the public, at the
boundary of a facility, were 1/10 of the occupational recommendations. The
ICRP presented detailed instructions to protect the population at large from
genetic and somatic damage, with recommended factors of 1/100 and 1/30,
respectively. In 1965, the ICRP retained the 1/10 factor for individuals, but
withdrew the safety factors for populations, on the grounds that they would
vary substantially, depending on circumstances (73).
A limit of 3 pCi/L for the consumption of 226Ra in water was originally
established by DNHw (74). This value was equivalent to (if not based on) 1/30
of the limit established in 1959 for the consumption of 226Ra over a
168-hour (7-day) period (MPCw); the 1/30 was therecommended safety factor
for protection of the po ulation at large from somatic damage. This safety
factor was withdrawn in 1965.
In 1968, DNHw published (67) a limit (objective concentration) of 1/10 of
the MPCw "as the long-term quality oal to be reached," and a limit
(acceptable concentration) of 1/3 0 the MPCg, which "should not be exceeded
whenever more suitable supplies are, or can e made, available ... within ...
the community." The MPC itself served as the maximum permissible limit
(MPL) which, "if exceede , shall be sufficient grounds for the rejection of
the water supplies unless effective remedial treatment is applied."
In 1978, DNHN published (26) revised guidelines for radiological
characteristics; these guidelines introduced safety factors of l/1000 and
1/100. The resulting concentration limits correSpond to the objective
(target) concentration and the maximum acceptable concentration (MAC),
reSpectively. The target concentration and the MAC are similar in philosophy
to the previous objective concentration and the NFL.
In 1982, the Ontario Ministry of the Environment revised (33) the
provincial water quality objectives for radionuclides to correspond to the
changes promulgated by the ICRP and DNHW.
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INTRODUCTION
Th
e
Gr
ea
t
La
ke
s
In
te
rn
at
io
na
l
Su
rv
ei
ll
an
ce
Pl
an
(3
6)
ca
ll
s
fo
r
su
rv
ei
ll
an
ce
an
d
mo
ni
to
ri
ng
of
ra
di
oa
ct
iv
it
y
in
th
e
Gr
ea
t
La
ke
s
ba
si
n.
Th
e
Pl
an
ca
ll
s
fo
r
pr
og
ra
ms
wh
ic
h
me
as
ur
e
Sp
ec
if
ic
ra
di
on
uc
li
de
s
in
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e
am
bi
en
t
wa
te
rs
,
so
ur
ce
co
nt
ro
l
ar
ea
s,
po
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bl
e
wa
te
r
su
pp
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es
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fi
sh
,
an
d
se
di
me
nt
.
Th
e
ju
ri
sd
ic
ti
on
s
co
nd
uc
t
th
e
pr
og
ra
ms
wh
ic
h
pr
ov
id
e
th
e
da
ta
.
Th
e
pr
og
ra
ms
no
t
on
ly
me
as
ur
e
th
e
le
ve
l
of
ra
di
oa
ct
iv
it
y
pr
es
en
t
in
th
e
Gr
ea
t
La
ke
s
ec
os
ys
te
m,
as
a
re
su
lt
of
in
pu
ts
fr
om
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e
va
ri
ou
s
so
ur
ce
s,
bu
t
th
ep
ro
gr
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s,
co
ll
ec
ti
ve
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,
al
so
he
lp
to
me
et
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e
sp
ec
if
ic
re
qu
ir
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en
ts
of
An
ne
x
ll
of
th
e
1978 Agreement:
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As
se
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me
nt
of
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e
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gr
ee
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h
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sd
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nt
ro
l
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ir
em
en
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Ac
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ev
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en
t
of
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e
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re
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ne
x
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.
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Ra
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d
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at
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con
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ra
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at
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riv
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ke
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r
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ro
l
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ea
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de
te
rm
in
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sd
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ti
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on
s.
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e
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ec
te
d
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e
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e
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.
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ra
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ra
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ke
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Th
e
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ra
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te
s
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om
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e
Na
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He
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th
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d
We
lf
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e
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ic
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r
in
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ke
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ra
m
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te
s
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19
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.
Th
e
si
te
s
we
re
se
le
ct
ed
be
ca
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e
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ei
r
pr
ox
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y
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ri
ou
s
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cl
ea
r
fa
ci
li
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es
an
d
op
er
at
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.
Bo
th
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e
ab
ov
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d
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og
ra
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t
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e
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m
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.
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ra
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d
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DOSE T0 MAN
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re
em
en
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ob
je
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iv
e
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2
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.
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d
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at
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n
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e
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,
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d
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g
th
e
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n
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e
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e
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1
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Th
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e
va
1u
es
ar
e
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we
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1es
s
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th
e
Ag
re
em
en
t
ob
je
ct
iv
e
of
1
mr
em
.
In
eac
h
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e,
soS
r
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tri
but
es
80-
90%
of
the
tot
a1
dos
e.
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maj
or
sou
rce
of
th
is
ra
di
on
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1i
de
is
fa
11
ou
t
fr
om
nu
c1
ea
r
we
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on
s
te
st
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g.
In
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Ser
pen
t
Riv
er
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th
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1
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Lak
e
Hur
on,
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Ra
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o
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es
sig
nif
ica
nt1
y
to
the
tot
a1
dos
e.
The
mea
n
con
cen
tra
tio
ns
of
226
Ra
in
wat
er
sam
p1e
s
co1
1ec
ted
ups
tre
am
of
the
mou
th
of
the
Ser
pen
t
Riv
er
(T
ab
1e
34)
co
nv
er
t
int
o
an
nu
a1
do
se
s
of
1.4
2
an
d
1.
30
mr
em
fo
r
198
1
an
d
198
2,
reS
pec
tiv
e1y
.
The
dos
e r
esu
1ti
ng
fro
m t
he
pre
sen
ce
of
226
Ra
is
in
add
iti
on
to that expected fromother radionuc1ides present.
Ac
co
rd
in
g
to
th
e
Ag
re
em
en
t
ob
je
ct
iv
e,
a
do
se
be
tw
ee
n
1 a
nd
5
mr
em
at
th
e
pe
ri
ph
er
y
of
a
so
ur
ce
co
nt
ro
1
ar
ea
ca
11
s
fo
r
in
ve
st
ig
at
io
n
of
th
e
so
ur
ce
an
d
cor
rec
tiv
e
act
ion
,
if
re1
eas
es
are
not
as
10w
as
rea
son
ab1
y
ach
iev
ab1
e.
The
so
ur
ce
co
nt
ro
1
ar
ea
in
th
is
ca
se
ha
s
be
en
de
fi
ne
d
as
th
e
mo
ut
h
of
th
e
Se
rp
en
t
Riv
er,
and
the
cri
tic
a1
va1
ue
is
the
con
cen
tra
tio
n
of
226
Ra
mea
sur
ed
at
the
per
iph
ery
of
the
sou
rce
con
tro
1
are
a.
How
eve
r,
the
mea
n
226
Ra
con
cen
tra
—
tio
ns,
ref
err
ed
to
abo
ve,
are
mea
sur
ed
8.4
km
ups
tre
am
fro
m t
he
mou
th
of
the
riv
er.
Mea
sur
eme
nts
mad
e
on
se1
ect
ed
dat
es
at
sta
tio
ns
Toc
ate
d
in
Ser
pen
t
Har
bou
r,
i.e.
at
the
per
iph
ery
of
the
sou
rce
con
tro
1 a
rea
(Ta
b1e
s 3
5 a
nd
36)
ind
ica
te
tha
t
the
con
cen
tra
tio
n
of
22‘
iRa
nea
r
the
mou
th
of
the
riv
er
occ
asi
ona
11y
exc
eed
s 1
.1
pCi
/L,
whi
ch
is
the
con
cen
tra
tio
n e
qui
va1
ent
to
an
ann
ua1
dos
e o
f 1
mre
m.
The
dat
a a
1so
ind
ica
te
tha
t t
he
con
cen
tra
tio
n
dec
rea
ses
to
va1
ues
nea
r
or
1es
s
tha
n
the
ana
1yt
ica
1
det
ect
ion
1im
it,
as
one
pro
cee
ds
out
int
o t
he
har
bou
r.
The
fre
que
ncy
of
sam
p1e
co1
1ec
tio
n
and
the
nat
ure
of
the
dat
a
pro
duc
ed
are
suc
h
tha
t
an
ann
ua1
dos
e,
res
u1t
ing
fro
m t
he
pre
sen
ce
of
zzs
Ra,
can
not
be
ca1
cu1
ate
d a
t t
he
per
iph
ery
of
the
sou
rce
contro1 area.
Pre
sen
ted
be1
ow
in
the
Lak
e H
uro
n s
ect
ion
,
is
a c
omp
ari
son
of
226
Ra
con
cen
tra
tio
ns
wit
h
jur
isd
ict
ion
a1
1im
ita
tio
ns,
as
is
a d
isc
uss
ion
of
cha
nge
s
in concentration over time.
_ 38 _
 EXP
ECT
ED
DOS
ES
FRO
M I
NGE
STI
ON
OF
GRE
AT
LAK
ES
WAT
ER
TABLE 17
(Doses in mrem)
 
 
L A K E
RAD
ION
UCL
IDE
YEA
R
SUP
ERI
OR
MIC
HIG
AN
HUR
ON
ERI
E
ONT
ARI
O
3H
198
1
0.0
084
0.0
090
0.0
132
0.0
115
0.0
183
9°S
r
0.0
426
0.0
564
0.0
723
0.0
638
0.0
734
137
05
0.0
019
0.0
016
0.0
014
0.0
008
0.0
010
125
56
<0.
000
1
<0.
000
1
<0.
000
1
<0.
000
1
<0.
000
1
Tot
aT
0.0
53
0.0
67
0.0
87
0.0
76
0.0
93
226
Ra
—
~
1.4
2a
—
-
3H
198
2
0.0
073
—
0.0
124
0.0
164
0.0
118
9°S
r
0.0
436
-
0.0
777
0.0
670
0.0
840
137
Cs
0.0
018
-
0.0
012
0.0
006
0.0
012
125
56
<0
000
1
~
<0.
000
1
<0.
000
1
<0.
000
1
Tot
aT
0.0
53
-
0.0
91
0.0
84
0.0
97
226
Ra
-
-
1.3
0a
~—
—
     
 
a.
Serpent River
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RADIONUCLIDES IN WATER
 
LAKE SUPERIOR
Tab
1es
25
and
26
pre
sen
t r
adi
o1o
gic
a1
mon
ito
rin
g d
ata
for
sam
p1e
s
co1
1ec
ted
fro
m t
he
ope
n
wat
ers
of
Lak
e
Sup
eri
or
dur
ing
198
1
and
198
2,
reS
pec
tiv
e1y
.
The
se
dat
a i
ndi
cat
e t
hat
the
con
cen
tra
tio
ns
of
rad
ion
uc1
ide
s
rem
ain
10w
and
,
as
dis
cus
sed
abo
ve,
the
tot
a1
ann
ua1
dos
e t
o m
an
res
u1t
ing
fra
n t
he
ing
est
ion
of
wat
er
fru
n L
ake
Sup
eri
or
was
0.0
5 m
rem
in
bot
h 1
981
and
1982.
The
mea
n c
onc
ent
rat
ion
of
ura
niu
m i
n t
he
ope
n w
ate
rs
of
Lak
e S
upe
rio
r w
as
0.1
6 p
g/L
in
198
1 a
nd
0.0
8 p
g/L
in
198
2 (
Tab
1e
27)
.
The
se
are
be1
ow
the
tar
get
con
cen
tra
tio
n o
f 1
pg/
L,
est
ab1
ish
ed
by
Nat
ion
a1
Hea
1th
and
We1
far
e,
and
more
than
one
hund
red
time
s 1e
ss t
han
that
Depa
rtme
nt's
maxi
mum
acce
ptab
1e
concentration of 20 ug/L for uranium in drinking water (26).
Tab
1e
18
sum
mar
ize
s t
he
ave
rag
e o
pen
1ak
e c
onc
ent
rat
ion
s o
f
9°S
r,
1370
5,
and
1255
b o
bse
rve
d i
n L
ake
Sup
eri
or
fro
m 1
973
thr
oug
h 1
982.
The
9°S
r d
ata
ind
ica
te
no
app
are
nt
tre
nd
wit
h t
ime
.
The
ave
rag
e a
nnu
a1
137
C5
con
cen
tra
tio
ns
for
the
per
iod
197
6-1
982
are
1ow
er
tha
n t
he
ave
rag
es
ca1
cu1
ate
d
for
197
3 a
nd
1974
.
The
ave
rag
e a
nnua
1
125S
b c
onc
ent
rat
ion
s f
1uc
tua
te
fro
m
yea
r t
o y
ear
; h
owe
ver
,
the
rep
ort
ed
va1
ues
are
a11
nea
r t
he
ana
1yt
ica
1
detection 1imit, so discernment of trends is not possib1e.
LAKE MICHIGAN
Tab1e 25 presents radio1ogica1 monitoring data for samp1es co11ected from
the
open
wate
rs o
f La
ke M
ichi
gan
duri
ng 1
981.
Tab1
es 2
8 -
31 s
umma
rize
data
for samp1es co11ected during this same time period in the vicinity of nuc1ear
generating stations and at se1ected pub1ic water intakes.
The open 1ake data indicate that the tota1 dose to man from the ingestion
of w
ater
from
Lake
Mich
igan
was
0.07
mrem
for
1981
.
No O
pen
1ake
samp
1es
were
co11ected during 1982, and the other avai1ab1e data (Tab1es 28-31) are too
sparse to a11ow an estimate of dose for that year.
The mean concentration of uranium in the open waters of Lake Michigan in
1981
was
0.38
pg/L
(Tab
1e 2
7),
whic
h is
be1o
w th
e ta
rget
conc
entr
atio
n of
1
pg/L, estab1ished by Nationa1 Hea1th and Ne1fare (26).
Tab1e 19 summarizes average radionuc1ide concentrations for Lake Michigan
from 1973 through 1981. These data are fran severa1 sources and 1ocations;
therefore, strict comparison between va1ues for different years is not
advisab1e. The data frun the Nationa1 Water Research Institute are for
samp1es co11ected at open-1ake stations 1ocated throughout the 1ake and are
indicators of who1e-1ake conditions. The other data are from inshore
1ocations in the vicinity of nuc1ear generating stations and from drinking
water intakes.
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 TABLE 18
LAKE SUPERIOR - AVERAGE OPEN-WATER CONCENTRATIONSa
    
CONCENTRATION IN pCi/L
YEAR 9°Sr 13705 12550
1973 0.53 0.087 0.044
1974
—
0.076
0.038
1975 - 0.051 <0.010—0.038
1978
0.30
0.053
0.028
1979
0.50
0.045
0.047
1980
0.30
0.055
0.019
1981 0.40 0 047 0.02
1982
0.41
0.045
<0.012
 
a.
A11
data
from
Nationa1
Water
Research
Institute.
Bur1ington, Ontario.
See References (3, 38. and 75).
TABLE 19
LAKE MICHIGAN — AVERAGE ANNUAL CONCENTRATIONS
CONCENTRATION IN pCi/L
YEAR °°Sr 137Cs 12550 3H
1973 0.83a 0.046a - -
1974 - - - 300
1W6 - — - 3m
1977 1.1 — - 330
1 1978 1.3 - _ 400
1979 0.83a 0.035a 0.052a 400
1980 0.63a 0.044a 0.021a 400
1981 0.538 0.039a 0.02a 180a
     
a. Averages based on open-water samp1es anaIyzed by
Nationa1 Water Research Institute. Bur1ington. Ontario.
See References (3) and (38).
_ 4] _
   
These data indicate that the average concentration of 9°Sr in Lake
Michigan continues to decrease and that the concentration of 1"CS remains
essentially unchanged. The observed concentrations of 125Sb are near the
analytical detection limits, so discernment of trends is not possible.
The reported concentrations of 3H are also near the analytical detection
limits. The mean Open water concentration for l98l was l80 pCi/L (Table 27),
and the mean concentration in samples collected in the vicinity of nuclear
generating stations was approximately 300 pCi/L for both l98l and l982 (from
Tables 30 and 3l). Collectively, when conpared with average values from prior
years, these data indicate little, if any, change with time.
LAKE HURON
Tables 25 and 26 present radiological monitoring data for samples
collected from the open waters of Lake Huron, Georgian Bay, and the North
Channel during l98l and l982, reSpectively. Tables 28 and 29 summarize data
for samples collected during this same time period at public water intakes.
Tables 34 - 36 summarize data for samples collected near the mouth of the
Serpent River and in Serpent Harbour, and Tables 37 and 38 summarize data for
samples collected in the vicinity of the Bruce Nuclear Power Development.
Also available are 3H data for weekly composite samples collected from the
cooling water discharge at both the Douglas Point and the Bruce "A" nuclear
generating stations. These data are not presented here, since the samples
were collected within the source control areas for these facilities.
The open lake data indicate that the total dose to man from ingestion of
water from Lake Huron was 0.09 mrem in both l98l and l982.
The average concentration of 9°Sr reported
in raw water samples
collected at the Kincardine and Port Elgin public water intakes in l98l was
0.39 pCi/L, which is less than the mean value of 0.68 pCi/L reported for the
open waters (Table 27) and a mean of 0.80 pCi/L reported for water samples
collected in the vicinity of the Bruce Nuclear Power Development (Table 37).
For l982, the average at the two water intakes was 0.3l pCi/L, which is again
less than the mean value of 0.73 pCi/L reported for the open waters (Table 27)
and the mean of 0.68 pCi/L reported for water samples collected in the
vicinity of the Bruce development (Table 38).
Table 20 summarizes average annual concentrations of 9°Sr measured at
the Kincardine and the Port Elgin public water intakes since l963, and in the
open waters of Lake Huron since l973.
The water intake data indicate an apparent maximum concentration of l.0l
pCi/L for 9°Sr in l965 and essentially no change for the period l967—l978.
However, average values reported for l979 through l982 indicate a downward
trend.
0pen water data for the period l973-l982,
however,
indicate no
particular trend; this
is supported by data from
the vicinity of the Bruce
development.
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 TABLE 20
9°Sr, 137CS, AND 1253b IN LAKE HURON WATER
1963 — 1982a,b
  
C 0 N C E N T R A T I 0 N I N p C i / L
YEAR
KINCARDINE
PORT ELGIN
AVERAGE
OPEN WATER
905’. 137CS 90$r 137CS SOSY. 137CS 903),. 137CS 1253b
1963
0.60
0.37
0.75
0.40
0.68
0.38
—
~
—
1964
0.80
0.30
0.76
0.28
0.78
0.29
—
~
~
1965
0.96
0.19
1.06
0.19
1.01
0.19
—
-
~
1966
0.85
0.18
0.94
0.09
0.90
0.14
-
~
-
1967
0.76
0.11
0.84
0.06
0.80
0.08
~
~
~
1968
0.70
0.08
C
C
-
*
~
~
"
1969
0.66
0.06
C
C
~
~
~
~
~
1970
0.66
0.06
C
C
~
~
-
~
~
1971
0.75
<0.10
0.84
<0.10
0.80
<0.10
~
~
~
1972
0.71
<0.10
0.74
<0.10
0.72
<0.10
-
~
~
1973
0.70
<0.10
0.80
<0.10
0.75
<0.10
0.86
0.04
0.08
1974
0.75
0.07
0.79
0.04
0.77
0.05
—
0.05
0.07
1975
0.72
0.04
0.76
0.03
0.74
0.03
—
0.04
0.06
1976
0.71
0.06
0.74
0.09
0.72
0.07
—
0.02
0.04
1977 0.64 0.03 0.68 0.02 0.66 0.02 0.84 0.04 0.06
1978 0.67 0.03 0.69 0.08 0.68 0.05 0.61 0.03 0.03
1979 0.51 0.05 0.51 0.05 0.51 0.05 0.78 0.03 0.05
1980 0.54 0.03 0.54 <0.03 0.54 <0.03 0.70 0.05 0.03
1981 0.32 0.05 0.46 0.03 0.39 0.04 0.68 0.03 0.03
1982 0.24 0.03 0.38 0.08 0.31 0.05 0.73 0.03 (0.014
           
a.
b.
C.
Information fran References (3, 30, 38, 39, and 75).
Raw water.
Not sampled.
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Th
e
av
er
ag
e
co
nc
en
tr
at
io
n
of
1“
Cs
re
po
rt
ed
in
ra
w
wa
te
r
at
th
e
Ki
nc
ar
di
ne
an
d
th
e
Po
rt
E1
gi
n
pu
b1
ic
wa
te
r
in
ta
ke
s
in
19
81
wa
s
0.
04
1
pC
i/
L,
wh
ic
h
is
co
mp
ar
ab
1e
to
th
e
me
an
va
1u
e
of
0.
03
4
pC
i/
L
re
po
rt
ed
fo
r
th
e
op
en
wa
te
rs
.
Fo
r
19
82
,
th
e
av
er
ag
e
at
th
e
tw
o
wa
te
r
in
ta
ke
s
wa
s
0.
05
4
pC
i/
L
an
d,
in the open waters, 0.031 pCi/L.
Ta
b1
e
20
su
mm
ar
iz
es
av
er
ag
e
an
nu
a1
co
nc
en
tr
at
io
ns
fo
r
1"
Cs
fo
r
th
e
pa
st
20
ye
ar
s.
Th
e
av
er
ag
e
13
70
5
co
nc
en
tr
at
io
n
re
po
rt
ed
fo
r
th
e
Po
rt
E1
gi
n
an
d
Ki
nc
ar
di
ne
pu
b1
ic
wa
te
r
in
ta
ke
s
in
19
63
wa
s
0.
38
pC
i/
L,
a1
mo
st
ten
ti
me
s
th
e
av
er
ag
e
re
po
rt
ed
si
nc
e
197
4.
Th
e
da
ta
av
ai
1a
b1
e
fo
r
198
1
an
d
198
2
in
di
ca
te
tha
t
the
137
Cs
con
cen
tra
tio
n
con
tin
ues
to
ho1
d
ste
ady
.
The
ope
n
wat
er
dat
a
ind
ica
te
tha
t
the
ave
rag
e
125
5b
con
cen
tra
tio
n
for
198
1
is
si
mi
1a
r
to
av
er
ag
es
re
po
rt
ed
fo
r
19
76
-1
98
0,
an
d
1o
we
r
th
an
av
er
ag
es
rep
ort
ed
in
197
3-1
974
.
The
ave
rag
e f
or
198
2 a
ppe
ars
to
be
1ow
er
tha
n t
hat
for
1981.
The
ave
rag
e
con
cen
tra
tio
n
of
3H
rep
ort
ed
in
the
ope
n w
ate
rs
of
Lak
e
Hur
on
was
264
pCi
/L
in
198
1
and
247
pCi
/L
in
198
2.
The
ave
rag
e
va1
ues
rep
ort
ed
in
the
vic
ini
ty
of
the
Bru
ce
Nuc
1ea
r P
owe
r D
eve
1op
men
t w
ere
app
rox
ima
te1
y
100
0
pCi
/L
for
bot
h
198
1
and
198
2
(Ta
b1e
s
37
and
38)
.
Thi
s
e1e
vat
ion
abo
ve
the
amb
ien
t i
s e
xpe
cte
d,
sin
ce
3H
is
the
maj
or
rad
ion
uc1
ide
re1
eas
ed
fro
m a
CAN
DU
rea
cto
r.
The
max
imu
m c
onc
ent
rat
ion
rep
ort
ed
nea
r t
he
per
iph
ery
of
the
Bru
ce
sou
rce
con
tro
1 ar
ea
dur
ing
198
1 a
nd
198
2 w
as
649
0
pCi
/L.
If
thi
s c
onc
ent
rat
ion
had
per
sis
ted
for
a f
u11
yea
r,
the
dos
e t
o m
an
wou
1d
hav
e b
een
0.3
2 m
rem
.
The
ave
rag
e
3H
con
cen
tra
tio
n o
bse
rve
d w
ou1
d h
ave
res
u1t
ed
in
a d
ose
of
abo
ut
0.0
5 m
rem
, c
omp
are
d t
o a
dos
e f
rom
3H
in
the
Ope
n w
ate
r o
f 0
.01
mre
m.
A11
the
se
va1
ues
are
be1
ow
the
Agr
eem
ent
obj
ect
ive
0 mrem.
Th
e
co
nc
en
tr
at
io
ns
of
22
6R
a
re
po
rt
ed
fo
r
th
e
Se
rp
en
t
Ri
ve
r
an
d
th
e
Se
rp
en
t
Ha
rb
ou
r
ar
ea
(T
ab
1e
s
34
-3
6)
ar
e
a1
1
1e
ss
th
an
th
e
ma
xi
mu
m
ac
ce
pt
ab
1e
co
nc
en
tr
at
io
n
of
27
pC
i/
L,
es
ta
b1
is
he
d
by
bo
th
Na
ti
on
a1
He
a1
th
an
d
Ne
1f
ar
e
an
d
th
e
On
ta
ri
o
Mi
ni
st
ry
of
th
e
En
vi
ro
nm
en
t
(s
ee
Ta
b1
e
16
).
Th
e
ma
xi
mu
m
re
po
rt
ed
co
nc
en
tr
at
io
n
wa
s
3
pC
i/
L,
wh
ic
h
is
s1
ig
ht
1y
in
ex
ce
ss
of
th
e
ta
rg
et
con
cen
tra
tio
n
of
2.7
pCi
/L
est
ab1
ish
ed
by
the
se
two
age
nci
es.
Ta
b1
e
8
su
mm
ar
iz
es
th
e
re
1e
as
es
of
to
ta
1
an
d
di
ss
o1
ve
d
22
6R
a
fr
om
ur
an
iu
m
mi
ni
ng
fa
ci
1i
ti
es
in
th
e
Se
rp
en
t
Ri
ve
r
ba
si
nf
or
19
79
,
19
80
,
an
d
19
81
.
Th
e
qu
an
ti
ty
of
to
ta
1
22
6R
a
re
1e
as
ed
du
ri
ng
19
81
wa
s
81
7 m
Ci
,
an
d
th
e
qu
an
ti
ty
of
di
ss
o1
ve
d
22
6R
a
re
1e
as
ed
wa
s
14
5
mC
i.
Th
is
co
mp
ar
es
wi
th
a
1o
ad
in
g
of
80
7
mC
i
fr
om
th
e
Se
rp
en
t
Ri
ve
r
in
19
81
(s
ee
Ta
b1
e
34
).
Th
e
to
ta
1
1o
ad
wa
s
ca
1c
u1
at
ed
by
mu
1t
ip
1y
in
g
th
e
av
er
ag
e
f1
ow
by
th
e
we
ig
ht
ed
av
er
ag
e
concentration.
Co
ns
id
er
in
g
ju
st
th
e
di
ss
o1
ve
d
22
6R
a,
th
e
di
ff
er
en
ce
be
tw
ee
n
th
e
re
1e
as
e
fro
m
min
e a
nd
mi1
1
sit
es
and
the
1oa
din
g
rep
ort
ed
fro
m
the
riv
er
can
be
at
tr
ib
ut
ed
to
na
tu
ra
1
in
pu
ts
p1
us
1e
ac
hi
ng
fr
om
un
co
nt
ro
11
ed
an
d/
or
ab
an
do
ne
d
si
te
s.
In
ad
di
ti
on
,
a1
th
ou
gh
th
e
no
nd
is
so
1v
ed
co
mp
on
en
t
of
th
e
tot
a1
qu
an
ti
ty
re
1e
as
ed
fr
om
mi
ne
s
an
d
mi
11
s
wo
u1
d
no
t
be
ex
pe
ct
ed
to
re
ma
in
in
th
e
wa
te
r
co1
umn
for
1on
g,
its
pre
sen
ce
doe
s
con
sti
tut
e
an
add
iti
ona
1
pot
ent
ia1
sou
rce
to the water co1umn.
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 Table 2l shows that the average annual concentration of 226Ra in the
Serpent River has decreased dramatically since l966. The decrease has been
attributed to decreased mining activity, reuse of process waters, the
treatment of process waters with barium chloride prior to release from active
mine sites, and the treatment of runoff from abandoned or closed mines.
The mean concentration of uranium in the open waters of Lake Huron,
Georgian Bay, and the North Channel was 0.26 ug/L in l98l and 0.39 ug/L in
l982 (Table 27); these values are less than the target concentration of l
ygéL established by National Health and Welfare (26). The concentrations of
U observed near the mouth of the Serpent River during l98l and l982 are
all less than l0 ug/L (Table 34). The maximum acce table concentration for
uranium in drinking water is 20 ug/L, also establis ed by National Health
and Welfare (26).
LAKE ERIE
Tables 25 and 26 present radiological monitoring data for samples
collected from the open waters of Lake Erie during l98l and 1982,
reSpectively. Tables 28, 29, and 32 summarize data for samples collected
during this same time period in the vicinity of nuclear generating stations
and at drinking water intakes.
The open lake data indicate that the total dose to man from ingestion of
water from Lake Erie was 0.08 mrem for both 1981 and l982. Available
nearshore and water intake data for l98l corroborate the open lake
concentration values.
Table 22 summarizes average radionuclide concentrationsfor Lake Erie from
1973 through l982. The mean Sr concentration appears to fluctuate from
year to year, but no trend is apparent. The 137Cs, 1“Sb, and 3H data
indicate no trend with time. The values reported for the last two
radionuclides are close to the analytical detection limits.
The mean concentration of uranium in the Open waters of Lake Erie was 0.43
ug/L in l98l and 0.59 ug/L in l982 (Table 27). These are less than the
tagget concentration of l ug/L established by National Health and Welfare
2 .
Discharges and runoff from the Western New York Nuclear Service Center
enter Buttermilk Creek which, in turn, discharges into Cattaraugus Creek,
which empties into Lake Erie. Although the site is not in Operation as a
reprocessing facility, it does continue to function as a waste storage and
burial facility. Small amounts of radioactive waste are discharged to the
environment. Water samples collected below the discharge from the Center
contain measurable levels of radioactivity attributable to the facility.
Potential sources of radioactivity include decontamination of buildings or
equipment, operation of the Spent fuel storage pool, leakage from pipes or
tanks, and discharges from the burial site (37).
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 AVERAGE ANNUAL CONCENTRATION OF 2“’Ra IN
TABLE 21
THE SERPENT RIVER, 1966-19829,b
 
DATE
CONCENTRATION, pCi/L
1966
1967
1968
1969
1970
1971
1972
T973
T974
T975
T976
T977
1978
1979
T980
T981
1982
 
a
a
—
J
—
a
N
-
P
-
L
H
U
'
I
U
'
I
O
‘
U
'
I
O
‘
O
O
N
C
D
O
D
-
d
.
o
.
o
.
.
.
-
.
.
.
.
.
.
m
w
h
m
—
d
e
V
w
m
m
V
Measured at Hwy. 17 bridge, 8.4 km upstream from the
harbour - Station No.
140019-1.
Information from References (3, 27, 30, 47, 49, and
50).
LAKE ERIE — AVERAGE ANNUAL CONCENTRATIONS
TABLE 22
CONCENTRATION IN pCi/L
 
YEAR 9°Sr 1370s 12550 3H
1973 1.066 0.026 0.096 -
1974 0.99 <0.07 — 340
1975 1.02 - - 330
1W6 — — - $0
1977 0.816 0.026 0.046 320
1978 0.57a 0.02a 0.056 330
1979 0.836 0.026 0.046 —
1980 0.396 0.026 0.036 -
1981 0.606 0.026 0.036 2306
1982 0.636 0.016 0.026 3286
    
a. Averages based on open—water sampTes anaTyzed by
Nationai Water Research Institute. BurTington.
Ontario. See References (3. 38. and 75).
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TABLE 23
CATTARAUGUS CREEK WATER AT SPRINGVILLE DAM
1968 ~ 19826~b
   
AVERAGE ANNUAL CONCENTRATION IN
pCi/L
YEAR GROSS a GROSS s 9°Sr 3H
1968 — 123 25 22.000
1969 — 214 47 17,600
1970 — 222 69 19,600
1971 c 208 37 31,000
1972 c 169 9 2,200
1973 c 19 4 <500
1974 <4 15 <3 <800
1975 <4 11 <3 6,200
1976 <5 10 <2 8,400
1977
<5
7
1
1,800
1978
<4
7
1
2,770
1979
<3
5
1
350
1980
<5
5
1
220
1981
<8.4
<9.5
<1.6
<9.600
1982
<6
<7.5
<1
<362
Maximum Permissibie
Concentrations:h
NRC
Technicai
—
~
30
300,000
Specifications
for Nuc1ear
Fue1 Servicesd
EPA Drinking Water
Standard
159
sof
Be
20,000e
    
‘
h
l
’
b
Q
—
n
o
'
m
0
.
0
0
.
.
I
n
I
o
 
Information
from
References
(3,
30,
37,
and
76).
Measured at Springvi11e Dam (Site 1459—042).
Not detected.
10 percent of 10 CFR 20.
4 mren, from 40 CFR 141.
If
gross
3 >50
pCi/L,
then
anaiysis
for
specific
radionuc1ides
must
be
performed.
Combined
226Ra
and
228Ra
=
5
pCi/L
maximum.
If soie source of radioactivity.
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a
.
I
n
f
o
r
m
a
t
i
o
n
f
r
o
m
R
e
f
e
r
e
n
c
e
s
(
3
,
3
0
,
3
8
,
3
9
,
a
n
d
7
5
)
.
b
.
N
o
T
o
n
g
e
r
s
a
m
p
l
e
d
.
 
 The
ave
rag
e c
onc
ent
rat
ion
of
ura
niu
m
in
tre
ate
d d
rin
kin
g w
ate
r a
t P
ort
Hop
e w
as
1.5
ug/
L
in
198
1 a
nd
1.4
ug/
L i
n 1
982
(Ta
b1e
s 2
8 a
nd
29)
.
The
se
are
con
sis
ten
t w
ith
1ev
e1s
rep
ort
ed
in
pre
vio
us
yea
rs
(3,
30).
The
con
cen
tra
tio
n o
f 2
“Ra
ins
ide
Por
t H
ope
Har
bou
r,
for
the
dat
es
sam
p1e
d
in
198
1 a
nd
198
2,
was
gen
era
11y
nea
r o
r b
e1o
w t
he
det
ect
ion
1im
it
of
1
pCi
/L
(Ta
b1e
s 4
1 a
nd
42).
A11
con
cen
tra
tio
ns
rep
ort
ed
out
sid
e t
he
har
bou
r
wer
e 1
ess
tha
n 1
pCi
/L,
as
wer
e v
a1u
es
for
a11
sam
p1e
s c
o11
ect
ed
off
the
We1come and Port Granby dumps (Tab1es 43 and 44).
Can
ada
and
Ont
ari
o g
uid
e1i
nes
hav
e s
cre
eni
ng
1im
its
of
2.7
and
27
pCi
/L,
res
pec
tiv
e1y
, f
or
gro
ss
a a
nd
gro
ss
B r
adi
oac
tiv
ity
in
wat
er
(see
Tab
1e
16).
The
con
cen
tra
tio
n o
f d
iss
o1v
ed
gro
ss
a r
epo
rte
d i
nsi
de
Por
t H
ope
Har
bou
r,
for
the
dat
es
sam
p1e
d i
n 1
981
and
1982
, w
as
gre
ate
r t
han
2.7
pCi
/L
(Ta
b1e
s 4
1 a
nd
42)
.
The
max
imu
m r
epo
rte
d d
iss
o1v
ed
gro
ss
a c
onc
ent
rat
ion
s
for
the
two
yea
rs
wer
e 9
30
and
173
pCi
/L,
res
pec
tiv
e1y
(in
tak
e a
nd
dis
cha
rge
1oc
ati
ons
exc
1ud
ed)
.
In
add
iti
on,
the
con
cen
tra
tio
n o
f d
iss
o1v
ed
gro
ss
a i
n
wat
er
out
sid
e t
he
har
bou
r w
as
a1s
ofr
equ
ent
1y
in
exc
ess
of
2.7
pCi
/L.
The
se
fin
din
gs
are
con
sis
ten
t w
ith
res
u1t
s r
epo
rte
d i
n p
rev
iou
s y
ear
s (
3,
30).
The
con
cen
tra
tio
n o
f d
iss
o1v
ed
gro
ss
B r
epo
rte
d i
nsi
de
Por
t H
ope
Har
bou
r,
for
the
dat
es
sam
p1e
d i
n 1
981
and
198
2,
was
occ
asi
ona
11y
gre
ate
r t
han
27
pCi
/L
(Ta
b1e
s 4
1 a
nd
42).
The
max
imu
m r
epo
rte
d d
iss
o1v
ed
gro
ss
6 c
onc
ent
rat
ion
s f
or
the
two
yea
rs
wer
e 1
80
and
15
pCi
/L,
reS
pec
tiv
e1y
(in
tak
e a
nd
dis
cha
rge
1oc
ati
ons
exc
1ud
ed)
.
A11
obs
erv
ati
ons
of
dis
so1
ved
gro
ss
8 o
uts
ide
the
har
bou
r w
ere
, h
owe
ver
, 1
ess
tha
n 2
7 p
Ci/
L.
The
se
va1
ues
app
ear
to
be
con
sis
ten
t w
ith
res
u1t
s
rep
ort
ed i
n p
rev
iou
s y
ear
s (
3,
30).
The
max
imu
m c
onc
ent
rat
ion
s o
f d
iss
o1v
ed
gro
ss
a r
epo
rte
d o
ff
the
We1
com
e
and
Por
t G
ran
by
dum
ps
in
1981
and
1982
wer
e 2
8 a
nd
14
pCi
/L,
reS
pec
tiv
e1y
(Ta
b1e
s
43
and
44)
.
The
max
imu
m
con
cen
tra
tio
nso
f d
iss
o1v
ed
gro
ss
B r
epo
rte
d
for
the
se
two
yea
rs
wer
e
7 a
nd
24
pCi
/L,
res
pec
tiv
e1y
.
The
se
va1
ues
app
ear
to
be consistent with resu1ts reported in previous years (3, 30).
FISH FROM THE GREAT LAKES
The
con
cen
tra
tio
ns
of
rad
ion
uc1
ide
s
in
who
1e
fis
h c
o11
ect
ed
fro
m t
he
Gre
at
Lak
es
in
198
1
and
198
2
are
giv
en
in
Tab
1es
45
and
46,
reS
pec
tiv
e1y
.
As
not
ed
for
fis
h c
o11
ect
ed
in
198
0,
the
con
cen
tra
tio
n o
f 1
370
5 i
s h
igh
er
in
fis
h
fro
m L
ake
Hur
on
tha
n
fro
m b
oth
Lak
e E
rie
and
Lak
e O
nta
rio
.
The
con
cen
tra
tio
n
of
137
Cs
rep
ort
ed
in
sam
p1e
s
of
who
1e
rai
nbo
w
tro
ut
fro
m
the
Gan
ara
ska
Riv
er,
Lak
e O
nta
rio
may
be
dec
rea
sin
g.
The
obs
erv
ed
av
er
ag
e
va
1u
es
(3,
29
,
30
,
38
)
fr
om
19
76
th
ro
ug
h
19
81
ar
e:
197
6
64
pCi
/kg
19
77
53
pC
i/
kg
197
8
60
pCi
/kg
19
80
72
pC
i/
kg
19
81
37
pC
i/
kg
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COMPARISON AMONG THE LAKES
The water samp1es co11ected from the open waters of the Great Lakes in
1981 and 1982 provide an Opportunity to compare conditions among the 1akes.
The concentrations of 13705, 125Sb, 9°Sr, and uranium in each 1ake ﬂ
did not show any 1arge variations from station to station or between top and
bottom for 1981 and for 1982 (Tab1es 25 and 26). This wou1d indicate that the w
1akes were we11 mixed at the time of samp1ing. The 3H concentrations were
more variab1e, because of the 1arge error associated with the measurements at
these 1ow 1eve1s.
In both 1981 and 1982, 3H, 90Sr, and uranium were 1owest in Lake
Superior (Tab1e 27). 9°Sr was highest in Lake Huron and Lake Ontario, and
uranium was highest in Lake Erie and Lake Ontario. 137Cs concentrations
were highest in Lake Superior and 1owest in Lake Erie (Tab1e 27); this is due
to the 1ow f1ux of sedimenting partic1es in the former and the high f1ux in
the 1atter (38). 125Sb concentrations were simi1ar in a11 1akes and c1ose
to the minimum detectib1e 1eve1.
SIGNIFICANCE OF RADIOACTIVITY IN THE GREAT LAKES ECOSYSTEM
For virtua11y a11 of the waters of the Great Lakes, the concentrations of
radionuc1ides present during 1981 and 1982 resu1t in doses which are
considerab1y 1ess than the Agreement objective. A1so, the observed
concentrations genera11y meet jurisdictiona1 drinking water requirements.
Thus, these observed 1eve1s of radionuc1ides represent no concern with regard
to human hea1th.
Exceptions are waters within or near source contro1 areas and in the
vicinity of Port Hope Harbour. These have been described above.
In order to assess the human hea1th significance of fission products,
which have entered Lake Superior and Lake Huron from the atmOSphere, Tracy and
Prant1 (86) examined radioactivity data co11ected between 1963 and 1980 for
water, sediment, and biota samp1es from these two 1akes.
They conc1uded that 9°Sr and 125Sb appear to be removed from the water
co1umn primari1y by radioactive decay, but sett1ing p1ays a significant ro1e
for the remova1 of 137Cs from the water. Nonethe1ess, 3-10% of 137Cs
persists in the water co1umn for many years after its introduction.
Tracy and Prant1 a1so noted that once deposited in the sediment, fission
products remain at or near the sediment—water interface; this cou1d faci1itate
re-entry of radionuc1ides into the water co1umn and exp1ain the persistence of A
137Cs in the water. u
- 52 _
 The concentration of 13705 in Great Lakes fish is several thousand times
greater than the concentration in ambient water. Human consumption of fish is
the most significant pathway of 137Cs from the Upper Lakes to man. However,
a heaith evaluation of the effects of consuming water and fish from the two
1akes over the past 25 years showed no basis for concern.
Tracy and Pranti aiso conciuded that the effects of nuclear power
1 generation are not discernibie against the background of faiiout from nuciear
weapons testing.
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 TABLE 25
OPEN
LAKE
DATA
, 1
9813
,b
SAMP
LING
LOCA
T10N
DEPT
H
NURI
H
NEST
SAMP
LING
IN
C 0
N C
E N
T R
A T
I 0
N
I N
pCi/
L
LAKE
LATIT
UDE
LONGI
TUDE
DATE
METRE
S
3H
137(25
125Sb
9"Sr
U, ug
/L
  
SUPER
IOR
46°44
'36"
84°54
'50"
JuTy
17
1
166+7
4
0.045
+0.00
5
<0.01
0.42+
0.08
0.15+
0.02
61
<150‘
0.0431
0.005
<0.01
0.43:0
.06
0.16¥0
.02
47°50
'36"
88°20
'12"
Juiy
17
1
<150
0.045
?0.00
5
<0.01
0.511
0.06
0.171
0.03
244
17417
4
0.056
E0.00
5
<0 01
0.46E
D.06
0.183
0.03
46°49
'40"
91°45
'00"
July
17
1
<150
0.036
+0.00
5
0.04+
0.01
0.39+
0.06
0.17+
0.03
58
162:7
4
0.037
10.00
5
0.02:
0.01
0.40:
0.06
0 1
46°54
'44"
86°10
'02"
May 2
8
1
154+7
4
0.045
:0.00
6
<0.01
‘
0.27:
0.06
0 1
249
<150‘
o.048
¢0.00
6
<0 01
0.37:
0.06
0.15:
0.02
48°1
2'58
"
87°3
7'04
"
May
26
1
223+
74
0.06
210.
006
0.02
+0 0
1
0.37
:0.0
6
0 1
258
195574
0.0493
0.005
0.0230
.01
0.4030
.04
0 1
MICH
IGAN
45°5
2'42
"
85°2
8'30
"
JuTy
17
1
207+
74
0.03
0+0.
005
0.02
+o.0
1
0.44
+0.0
8
37
25277
4
0.043
70.00
5
0.02f
0.01
0.63:
0.12
44°4
5'36
"
86°5
8'00
"
Juiy
17
1
<150
—
0.03
3ID.
006
0.02
+o.0
1
-——
152
174+
74
0.04
630.
006
0.02
:0.0
1
--
42°23
'00"
87°25
'00"
July
8
1
174x7
4
0.040
:0.00
5
<0.01
—
92
<150
_
0.05
1:D.
005
<0.0
1
44°57
'00"
87°36
'20"
JuTy
8
1
<150
0.031
£0.00
5
0.04:
0.01
0
0
0
HURO
N
45°0
1'01
"
82°4
1'07
"
May
30
1
292+
74
0.03
6+0.
005
0.02
+o.0
1
0
27637
4
0.027
10.00
5
<0.01
.
0
45°3
9'58
"
83‘4
3'39
"
May
30
1
3283
74
0.03
4‘0.
005
0.03
+0.0
1
0
118
2641
74
0.03
4:0.
005
0.03
:0.0
1
0
1
235T
74
0.03
010.
005
0.02
:0.0
1
0.
0
0
0
0
0
0
0
_
5
4
.
_
44 0
6'08
“
82°0
6'57
"
May
22
_
_
_
95
383+7
6
0.038
+0 00
6
0 04+
0.01
46°0
7'30
"
82°5
3'25
"
May
24
1
2953
74
0.03
430.
005
0.02
30.0
1
27
261+7
4
0.043
+0.00
5
0.02+
o.01
45°1
4'27
"
80°5
2'36
"
May
23
1
2853
74
0.03
4?0.
006
o.01
§0.0
1
76
2451
74
0.03
0E0.
005
0.06
:0.0
1
ERIE
41°47
'57"
82°49
'33"
June
2
1
250:7
4
0.026
:0.00
5
0 02:
0.01
9
323+
74
0.02
8+0
005
0.03
+0 0
1
42°3
4'20
"
79 3
6'09
"
JuTy
17
1
1623
74
0.01
1fp.
005
0.03
30.0
1
-:—
0.49
30.0
7
56
171+
74
0 01
4+0.
006
0.03
+0.0
1
0.65
+0.0
7
0.37
+0.0
6
42‘1
3'54
"
80°5
2'05
"
Ju1y
17
1
2105
74
0.01
530.
005
0.02
30.0
1
0.69
30.0
7
0.38
30.0
6
2
2541
74
0.02
5:p.
006
0.04
:0.0
1
0.55
:0.1
3
0.38
:0.0
6
ONTAR
IO
43°24
'58"
79°23
'55"
June
18
1
461+9
5
0.021
+0.00
5
0 02+
0 01
0.56+
0.19
0 47+
0.07
103
4561
76
0.02
010.
005
<0.0
1‘
-?-
0.52
10.0
8
43°43
'00"
78°01
'36"
June
16
1
27057
6
0.027
¥0.00
6
<0 01
0.57+
0.24
0.49:
0.07
125
3641
76
0.02
510.
005
0.04
+0
01
-:L
0.46
:0.0
7
43°3
1'30
"
76°5
5'33
"
June
17
1
4111
76
0.01
830.
005
0.02
§p.0
1
0.87
:0.1
9
0.50
30.0
8
209
2333
76
0.04
2:0.
005
0.02
:0.0
1
0.76
:0.1
8
0.55
:0.0
8
          
a. E
ach g
rab s
ampie
= 50
L.
3H an
aTyse
s per
forme
d on
8 mL
aliqu
ots;
U ana
1yses
on 5
mL a1
iquot
s; 1
37Cs
and ‘
2’Sb
on 45
L of
sampl
e; an
d
9°Sr
on 3
L aTi
quots
. T
he er
rors
quote
d for
the B
- and
y-cou
nting
resui
ts ar
e the
stand
ard d
eviat
ions
of th
e net
count
ing r
ates
ca1c
u1at
ed f
rom
the
totai
and
back
grou
nd c
ount
ing
rate
s.
The
erro
r of
the
uran
ium
anaT
yses
is t
he e
xpec
ted
stan
dard
devi
atio
n of
a si
ngTe
ana1
ysis
base
d on
a se
ries
of r
epli
cate
anaT
yses
carr
ied
out
on a
seri
es o
f st
anda
rd s
amp1
es.
Deta
iTs
abou
t th
e an
a1yt
ica1
proc
edur
es a
re
given in Re
ference (38)
.
0. Info
rmation
from Ref
erence (
38).
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Y‘ﬂlatlon
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TABLE 26
OPE
N L
AKE
DAT
A,
198
Za.
b
 
_____
__SIA
IIDN“
L0£AI
IQN
DEPTH
C 0 N
C E h
T R A
T I 0
N I
N D
Ci/L
LAKE
NORTH
WEST
SAMPL
ING
IN
LATITU
DE
LONGIT
UDE
DATE
METRES
3H
137Cs
'ZSSb
9°Sr
U, u
 
.
_
J
\
U
)
-
5
5
-
Super
ior
48°13
'00"
87°37
'00"
June
4
1
<93
0.043
t 0.0
06
<0.01
0
0.41
1
46°54'
54"
86°10'
00"
May 11
<93
0.045
t 0.00
6
<0.012
0.41 t
0.02
0.07
47°16'
15"
91°08'
48"
May 18
250
100
0.046
t 0.00
6
<0.012
0 41 t
HO0
+
1
+
1
+
1
H
H
+
|
Huron
44°01'
36"
82°10'
00"
May 20
45°02'00
" 8
2°41'36"
May 19
221
27
4
100
0.030
100
0.0
32
0.00
6
<0.0
13
0.73
t
0.006
<0.014
0.72 t
0.06
0.43
+
1
+
1
+
1
+
1
+
1
+
1
u
-
u
—
i
64 0.0
09 0.005
<0.010
64 0.013 0.005 <0.011
64
0.020
0.007
0 012
0.010
64 0.018 x 0.006
0.022 0.012
64
<0.005
0.019
0.014
64
0.022 x
0.007
0.019
0.016
L
O
V
N
K
O
L
D
L
O
Erie
41°48'32
" 8
2°55'35"
May 29
1
355
10
361
42°16'
19"
80°59'
19"
May 27
1
250
22
303
43°35'18
" 7
9°34'18"
May 26
1
338
55 361
+
l
+
1
+
l
+
1
+
1
V
V
W
O
N
K
D
N
Or
—
4
0
+
‘
+
1
+
1
+
1
+
1
+
1
m
o
o
a
i
N
o
o
n
K
I
V
K
D
N
L
O
N
+
1
+
1
+
1
+
1
4
1
+
1
(
V
H0
1
+
1
+
1
+
1
+
1
+
1
1
1
+
!
Ontario 43°25'00"
79°24'00" June 17
1 186
103
297
43°43'03"
78°01'35"
June 15
1 186
125
274
43°31'31" 76°55'32"
June 16 1
215
209 250
23 0.0
18 0.005
(0.013
29 0.0
18 t 0.005
<0.012
23 <0.0
05
0.015
29
0.026
29 0.023
29 0.083
1 0.012
0.005
0.016
t 0.01
2
0.005
<0.012
0.007
0.022 _ 0.0
14
C
D
L
D
N
N
O
N
U
)
0
0
0
0
0
0
0
0
0
0
0
0
4
-
“
+
1
+
1
+
1
+
1
+
1
o
o
m
m
o
o
u
v
m
e
c
w
m
v
o
o
o
o
o
o
o
o
é
o
o
o
0
0
o0
+
1
+
1
+
1
+
1
+
1
+
1
C
h
m
e
a
n
+
1
+
1
+
1
+
1
+
;
+
1
+
1
+
1
+
 
     
  
 
Each gra
b samp1e
= 50L.
3H analy
ses per
formed o
n 8 mL a
1iquots;
U ana1ys
es on 5
mL a1iqu
ots; 13
7Cs and
12550 on
45 L of
samp1e;
and 9°Sr
on 3 L
aiiquots
. The e
rrors qu
oted for
the s— a
nd y-cou
nting re
su1ts ar
e the st
andard d
eviation
s of the
net coun
ting.rat
es ca1c
uTated f
rom the
tota1 an
d
backgrou
nd count
ing rate
s. The
error of
the uran
ium anal
yses is
the expe
cted sta
ndard de
viation
of a sin
g1e anaT
ysis bas
ed on a
series o
f rep1ic
ate
ana1yses
carried
out on a
series o
f standa
rd sampT
es. De
tai1s ab
out the
anaTytic
a1 proc
edures a
re given
in Refer
ence (38
).
Information from Reference (75).
 
 TABLE 27
 
MEAN RADIONUCLIDE
CONCENTRATIONS
IN THE
GREAT
LAKES
—
  
1981 AND 1982a
CONCENTRATION IN pCi/L
 
YEAR
LAKE
aH
1376s
12556
9°Sr
U,ug/L
1981
Superior
168:74
o.o47:o.oos
0.02:0.01
0.40:0.04
0.16:0.02
Michigan
180:74
0.039:o.oos
0.02:0.01
0.53:0.10
0.38:0.05
Huron
264:74
o.o34:o.oos
0.03:0.01
0.68:0.06
0.26:0.04
Erie
230174
o.ozo:o.oos
0.03:0.01
0.60:0.07
0.43:0.07
Ontario
366176
0.026i0.005
0.02:0.01
0.69:0.18
0.50:0.08
1982
Superior
145:68
o.o45:o.oo4
<0.012
0.41:0.03
0.03:0.01
Huron
2471100
0.031:o.oos
<0.014
0.73:0.06
0.39:0.05
Erie
328128
0.015:o.oo3
0.016:0.006
0.63:0.04
0.59:0.04
Ontario
235:12
0.029i0.003
0.015:0.006
0.79:0.05
0.42:0.03
       
a.
Information
from
References
(38) and (75).
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 TABLE 28
DRINKING WATER INTAKES, 1981
     
CONCENTRATION IN pCi/La-d
INTAKE — SAMPLING TYPE OF TYPE OF REMARKS
LOCATION SAMPLE HATER GROSS a GROSS B 3H 9‘JSr H7Cs
LAKE MICHIGAN
ar evo x Canposite Finished <1 - 2 <2 - 4 — <0.9 - <1 - 3 month samples, composited daily.
Petoskey Composite Finished <1 - <3 <1 - 4 - <0.8 - <1 - No significant 1 activity for alI
Lansing Composite ‘ Finished <1 - 5 <2 I 4 - <0.9 — <1 — samples.
Lake Township Composite ' Finished <0.7 — <2 <2 — 2 - <0.9 - <1 -
Bridgman Composite } Finished <1 - <3 i 3.5 t 2 - <0.8 - <1 -
1 South Haven Composite Finished <0.8 — <2 <1 - 2 — <0.8 — 1 -
1 Benton Harbor Composite Finished <1 — <3 ‘; 3.2 t 2 - <0 8 - <1 -
I St. Joseph Composite Finished <0.8 - <2 1 <1 - 3 - <0.9 - 2 -
l
LAKE HURON ‘ i
Kincaraine Composite 1 Raw - 1 - - 0.32 0.051!
; Treated <1 1 4 400 t 60 — <15 Values calculated for 12 monthly
‘ i composite samples. See foot-
‘ notes "b" and "c".
Port Elgin Composite Raw - j - — 0.46 0.027
; Treated <1 i 2 830 t 80 — <15 Values calculated for 12 monthly
1 ‘ composite samples. See foot-
1
.
notes "b
" and "
c".
: Inverhuron Park Composite Treated 1 ' 2 <130 - - Values calculated for 3 monthly
1 composite samples. See foot-
1 notes "b" and "c".
MacGregor Point Composite Treated <1 2 1090 t 80 — <15 Values calculated for 4 monthly
‘ i composite samples. See foot—
1 notes "b" and "c".
DETROIT RIVER ‘
etro t Grab Raw 0.2 2 0.3 i 1.3 t 0.8 350 z 200 0.8 t 0.6 - 3H quarterly sampling and
1 analysis, other parameters - one
1 sample per year. “‘1 =-0.1 1
I i 0.1 pCi/L (one sample).
‘ Amherstburg Composite Treated <1 i 2 260 t 60 - <15 Values calculated for 9 monthly
i composite samples. See foot-
i notes "b" and "c".
LAKE ERIE i
Enrico Fermi Composite Raw <0.6 - <1 E <2 - 3 - <0.9 1 3-month samples, composited daily.
‘ 5‘ No significant 1 activity for all
g i samples.
Toledo Grab Raw 0.3 t 0.3 i 3.0 t 1.1 350 s 200 0.2 2 0.2 3H-quarterly sampling and analysis.
1 Other parameters - one sample per
1 year. 1311= 0.1 1 0.1pCi/L
(one sample).
Harrow-Colchester Composite Treated <1 I 2 250 t 60 - <15 Values calculated for 9 monthly
1 composite samples. See foot-
1 notes "b" and "c".
Union Composite Treated <1 i 2 240 2 60 - <15 Values calculated for 9 monthly
1 composite samples. See foot-
. 1 notes "15" and "c".
Hheatley Composite Treated <1 ‘ 2 230 t 60 - <15 Values calculated for 8 monthly
‘ composite samples. See foot-
; notes "1)" and "c".
NIAGARA RIVER i
E Niagara Falls. NY Grab Raw 0.1 s 0.4 3 1.7 s 1.1 380 z 200 0.6 2 0.3 - 3H-quarterly sampling. Other
* .1 parameters - one sample per year.
i “I = 0.210.1pCi/L (one
1
samp
le).
LAKE ONTARIO
1
Port Hope - Treated - i - - - - “‘Ra (0.14 pCi/L . U = 1.5 ug/L
Ajax Composite Raw - l - - 0.41 0.027
Treated 1 3 530 z 60 <15 Values calculated for 37 weekly
‘ composite samples. See foot-
I notes "b" and "c".
Toronto Composite Raw - l — - 0.54 0.027
Treated 1 3 370 t 55 — <15 Values calculated for 37 weekly
composite samples. See foot-
notes “b” and "c".
Ontario Composite Raw <1.9 - <8 i <2 - 6 278 - <6 ~ <10 Also: “‘Ru, “Zr, ]“I, 7Be
Oswego Composite Treated <2 - 12 <2 - 8 285 - <6 - <12 Also: “"Ru, "Zr, Nb. No
. detectable activity.
Etobicoke Composite Treated l i 3 330 t 50 <15 Values calculated for 37 weekly
l composite samples. See foot-
1 notes "b" and "c".
      
(
3
.
0
7
:
: State of Michigan data - 2a counting errors.
6°Co, 13"Cs. and 131I each <15 pCi/L for all samples.
Dissolved gross o and gross a values reported for non—volatile solids
Information from References (37, 39—43, 47, and 77).
Province of Ontario data - 1! Counting errors.
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 TABLE 29
DRINKING HATER INTAKES, 1982
         
C
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E
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i/
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yd
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— S
AMP
LIN
G
TYP
E O
F
TYP
E O
F
REM
ARK
S
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ATI
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SAM
PLE
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ER
GRO
SS
o
GRO
SS
8
3H
soS
r
137
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IIKE’HTCHTGIN’TTT
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ish
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- 3
200
2 2
00
<1
—
3H
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’"S
r
- a
nnu
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pos
ite
Pet
osk
ey
Com
pos
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Fin
ish
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-
2.2
1 1
.8
400
t 2
00
<1
-
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4 g
rab
sam
pie
s.
Cro
ss
8 -
qua
r-
Lan
sin
g
Com
pos
ite
Fin
ish
ed
-
4.5
t 2
<20
0
<1
-
ter
Ty
com
pos
ite
of
gra
b s
amp
les
.
Lak
e T
own
shi
p
Com
pos
ite
Fin
ish
ed
-
<1
— 3
200
z 2
00
<1
Bri
dgn
an
Com
pos
ite
Fin
ish
ed
-
2.5
i 1
.5
<20
0
<1
Sou
th
Hav
en
Com
pos
ite
Fin
ish
ed
-
<1
— 2
400
t 2
00
<1
_
Ben
ton
Har
bor
Com
pos
ite
Fin
ish
ed
-
2.8
t
1.5
<20
0
<1
St.
Jos
eph
Com
pos
ite
Fin
ish
ed
—
2.2
2
1.5
<20
0
<1
LAKE HURON
Kin
car
din
e
Com
pos
ite
Raw
-
-
-
0.2
4
0 0
27
Tre
ate
d
<1
2
300
t
60
-
<15
Vai
ues
cai
cui
ate
d f
or
9 m
ont
hiy
composite sampies. See foot—
notes "b" and "c".
Por
t E
Tgi
n
Com
pos
ite
Raw
-
-
—
0.3
8
0.0
81
Tre
ate
d
1
2
1
950
z
90
-
<15
Va‘
ues
cai
cui
ate
d f
or
9 m
ont
hiy
i
com
pos
ite
sam
pie
s.
See
foo
t—
notes "b" and "c".
DETROIT RIVER
etr
o t
Gra
b
Raw
-
-
400
z 2
00
-
-
Qua
rte
riy
sam
pii
ng
and
ana
1ys
is.
Amh
ers
tbu
rg
Com
pos
ite
Tre
ate
d
1
2
260
t
60
-
<15
Vai
ues
cai
cui
ate
d f
or
9 m
ont
hiy
composite sampies. See foot~
notes "b" and "c".
LAKE ERIE .
Enr
ico
Ferm
i
Com
pos
ite
Fin
ish
ed
-
<1
- 3
200
1 2
00
<1
3H a
nd
’°Sr
‘ a
nnua
‘ c
omp
osi
te
of 4 grab sampies. Gross s quar-
teriy composite of grab sampies.
Toie
do
Gra
b
Raw
—
-
300
t 20
0
-
-
Qua
rte
rly
samp
'lin
g a
nd
ana
iys
is.
Har
row
-Co
ich
est
er
Com
pos
ite
Tre
ate
d
1
2
210
t 6
0
-
<15
Va‘
ues
cai
cuT
ate
d f
or 9
mon
thi
y
composite sampies. See foot-
notes "b" and "c".
Unio
n
Com
pos
ite
Tre
ate
d
<1
2
270
t 1
00
-
<15
Vai
ues
cai
cui
ate
d f
or
2 mo
nth
Ty
composite sampies. See foot-
notes "b" and "c".
Hhe
ati
ey
Com
pos
ite
Tre
ate
d
1
2
190
z
60
-
<15
Vai
ues
cai
cui
ate
d f
or
9 mo
nth
Ty
composite sampies. See foot-
1
not
es
"b"
and
"c"
.
NIAGARA RIVER ‘
Niag
ara
Fai‘
ls,
NY
Grab
Raw
-
—
200
2 20
0
-
Quar
teri
y s
ampi
ing
and
anai
ysis
.
LAKE ONTARIO
Port
Hope
Trea
ted
-
-
—
-
-
226R
a <0
.14
pCi/
L .
U =
1.4
ug/L
Ajax
Com
pos
ite
Raw
-
-
-
0.3
8
0.05
4
Trea
ted
1
3
590
z 7
0
-
<15
Vaiu
es
caic
uiat
ed
for
30 w
eeki
y
composite sampies. See foot-
notes "b" and "c".
Toro
nto
Comp
osit
e
Raw
-
-
-
0.43
0.05
4
Trea
ted
1
3
330
t 6
0
-
<15
Vaiu
es c
aicu
iate
d fo
r 30
week
iy
composite sampies. See foot—
notes "b" and "c".
Onta
rio
Comp
osit
e
Raw
<2 -
<4
<2
4
<300
- 5
00
-
<6 -
<10
Oswe
go
Canp
osit
e
Trea
ted
<2 —
<5
<2
5
<300
- <4
00
-
<7 -
<11
Etob
icok
e
Comp
osit
e
Trea
ted
1
3
290
1 6
0
-
<15
Vaiu
es c
aicu
iate
d fo
r 30
week
iy
composite sampies. See foot-
notes "b" and "c".
Sca
rbo
rou
gh
Com
pos
ite
Tre
ate
d
2
3
290
z
50
-
<15
vai
ues
ca1
cui
ate
d f
or
22
wee
kly
commposite sampies. See foot-
notes "b" and "c".
State of Michigan data - Za counting errors.
a.
b. ‘°Co, 13“Cs
Province of Ontario data - lo counting errors.
and 1“I each <15 pCi/L for aTT sampies.
c.
Diss
oive
d gr
oss
a an
d gr
oss
s va
iues
repo
rted
for
non-
voia
tiie
soii
ds.
d. Information from References (39, 43, 47, 77, and 78).
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 LAKE ERIE - INSHORE SURFACE HATER, 1981 AND 19823,b
TABLE 32
  
NEARBY GENERATING
STATION
STATION
CONCENTRATION IN gCi/L
STATION LOCATION NUMBER YEAR GROSS s H
Fermi (under Fermi PIant SE-9 1981 4.4:2.2 <200-500
construction) ToTedo — - 2801200
Monroe - - 330:200
Fermi (under Fermi PIant SE-9 1982 <2-S <200-500
construction) ToIedo - - 3001200
Monroe - - 400:200
   
 
a.
b.
Information fran References (40-43, 77, and 78).
No significant or detectabTe y-activity for samples so analyzed.
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r
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.
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 NORTH CHANNEL - SERPENT RIVER SURFACE HATER, 1980-1982b.C
TABLE 34
   
 
     
C 0 N C E N T R A T I 0 N I N pCi/L
FLOW GRO S a GROSS a 226Ra
DATE (m3/s) DISSOLVED UNDISSOLVED DISSOLVED UNDISSOLVED DISSOLVED 23°U. ug/L
Feb. 28, 1980 10.7 98 5 11 5 3
Apr. 29 53.3 5 1 4 1 1
May 27 25.8 13 <1 9 <1 2
June 25 12.2 8 2 8 1 2
Sept. 26 9.20 8 1 9 1 2
Oct. 26 17.9 5 1 6 <1 2
Average for
19806 17.7 - - -‘ — 1.58
Jan. 25, 1981 6.05 13 1 10 3 3 <10
Feb. 25 17.5 10 1 5 1 <1 <10
May 25 15.5 6 1 4 1 1 3
June 27 14.6 8 1 8 1 2 <3
Ju1y 27
9.48
13
1
8
1
2
4
Aug. 27 3.24 5 3 6 1 2 <3
Oct. 27 15.0 13 1 6 <1 1 7
Nov. 27 8.79 8 1 8 <1 2 <3
Dec. 27 10.6 6 1 6 1 2 <3
Average for
1981a 16.4 - - - - 1.56 -
Jan. 27, 1982 9.20 8 1 6 <1 1 <3
Feb. 27 6.60 14 <1 8 <1 2 6
Apr. 20 74.5 5 <1 3 <1 <1 3
May 18 44.9 9 <1 7 <1 2 3
June 21 12.2 9 1 6 <1 3 <3
Ju1y 26 5.89 6 <1 6 <1 3 <3
Aug. 26 2.89 11 1 7 <1 2 4
Sept. 27 30.1 8 <1 5 <1 1 3
Average for
1982a 24.7 - - — o 1.43 -
Weighted average, taking into account the variabie stream flow.
Station location: on Serpent River, at Hwy. 17 bridge, 8.4 km upstream from harbour. Station No.
140019-1.
Concentration data from Reference (47). Flow data from Reference (48).
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TABLE 35
NORTH CHANNEL - INSHORE SURFACE WATER - SERPENT HARBOUR, 1981a
   
STATION OCATION DISTANCE CONCENTRATION IN pCi/L
STATION NORTH NEST SAMPLING FROM SOURCE
NUMBER LATITUDE LONGITUDE DATE (km) 2'°Pb 225Ra 2“Ra 23°Th
274 46°12'15" 82°37'36" May 20 0.4 0.6 0.5 1.8 <0.1
June 15 0.9 0.4 1.3 <0 1
JuTy 21 0.3 0.4 2.1 <0.1
Sept. 4 <0.2 0.5 1.2 0 3
Oct. 3 <0.2 0.3 1.5 <0.1
279 46°12'12" 82‘38‘22“ May 20 1.4 0.7 0.5 1.9 <0 1
June 15 0.5 0.2 1.2 <0.1
JuTy 21 0.4 0.3 1.4 <0.1
Sept. 4 <0.2 0.2 1.1 <0.1
Oct. 3 <0.2 0.4 1.1 <0.1
281 46°12'11" 82°39'00" May 20 2.2 0.2 0.5 1.4 <0.1
June 15 2.4 0.2 1.2 <0.1
JuTy 21 0.3 0.3 1.4 <0.1
Sept. 4 <0.2 0.2 0.9 <0.1
Oct. 3 <0.2 0.4 0.8 <0.1
285 46°12'04" 82‘40'00" May 20 — 0.1 0.4 1.6 <0.1
June 15 1.2 0.3 1.4 <0.1
JuTy 21 0.4 <0.2 1.6 <0.1
Sept. 4 0.3 0.2 0.4 <0.1
Oct. 3 <0.2 <0.2 0.5 <0.1
286 46°11'45" 82°40'00" May 20 3.7 0.2 0.3 1.0 <0.1
June 15 0.3 0.2 0.6 <0.1
JuTy 21 0.2 <0.2 0.8 <0.1
Sept. 4 <0.2 0.2 0.2 <0.1
Oct. 3 <0.2 <0.2 0.7 <0.1
288 46°11'38" 82°41'04" May 20 5.3 0.2 0.2 0.9 <0.1
June 15 0.1 <0.2 0.5 <0.1
JuTy 21 <0.1 <0.2 0.3 <0 1
Sept. 4 <0.2 <0.2 0.3 <0.1
Oct. 3 0.3 <0.2 0.5 <0.1
290 46°11'27" 82°42'24" May 20 - 0.3 0.2 0.6 <0.1
June 15 2.2 <0.2 0.6 <0.1
July 21 0.4 <0.2 0.3 <0.1
Sept. 4 <0.2 <0.2 0.1 <0.1
Oct. 3 <0.2 <0.2 0.2 <0.1
291 46°10'53" 82°42'24" May 20 7.0 0.4 <0.2 0.2 <0.1
June 15 0.2 <0.2 0.3 <0.1
JuTy 21 1.3 <0.2 0.2 <0.1
Sept. 4 0.4 <0.2 <0.1 <0.1
Oct. 3 0.4 <0.2 0.5 <0.1
        
a.
Infonmation from Reference (47).
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 TABLE 36
NORTH CHANNEL - INSHORE SURFACE HATER - SERPENT HARBOUR, 1982a
   
STATION
LOCATION
DISTANCE
CONCENTRATION
IN pCi/L
STATION
NORTH
WEST
SAMPLING
FROM SOURCE
NUMBER
LATITUDE
LONGITUDE
DATE
(km)
21°Pb
22°Ra
225Ra
23“Tn
274
46°12'15"
82‘37'36"
May
13
0.4
0.3
0.5
1.0
<0.1
JuIy
13
0.1
0.6
1.8
<0.1
Oct. 16
0.2
0.3
0.8
<0.1
Nov.
13
0.2
<0.2
1.1
<0.1
279
46°12'12"
82°38'22"
May
13
1.4
0.3
0.6
0.9
<0.1
JuTy
13
0.2
0.5
2.5
<0.1
Oct.
16
0.3
0.4
1.0
<0.1
Nov.
13
0.2
<0.2
1.2
<0.1
281
46°12'11"
82°39'00"
May
13
2.2
0.4
0.5
1.0
‘
<0.1
JuIy 13
0.2
<0.2
1.7
<0.1
Oct.
16
0.1
0.4
1.1
<0.1
Nov.
13
0.2
<0.2
1.4
<0.1
285
46’12‘04"
82°40'00"
May
13
0.2
0.6
1.2
<0.1
JuIy 13
0.1
0.2
1.2
<0.1
Oct.
16
0.3
0.3
1.4
<0.1
Nov.
13
<0.1
<0.2
1.1
<0.1
286
46'11'45"
82°40'00"
May 13
3.7
0.3
0.3
0.9
<0.1
JuTy 13
<0.1
0.2
0.7
<0.1
Oct.
16
0.2
0.2
0.8
<0.3
Nov. 13
0.1
<0.2
0.9
<0.1
288
46°11'38"
82°41'04"
May 13
5.3
0.3
0.2
0.5
<0.1
JuTy 13
<0.1
<0.2
0.5
<0.1
Oct. 16
0.1
0.3
0.4
<0.1
Nov.
13
0.2
<0.2
0.4
<0.1
290
-
-
May 13
-
0.1
0.1
0.9
<0.1
July 13
0.1
0.3
0.5
<0.1
Oct.
16
0.2
<0.2
<0.1
<0.1
Nov.
13
0.1
<0.2
0.1
<0.1
291
46°10'53"
82°42'24"
May 13
7.0
0.3
<0.2
0.2
<0.1
JuIy 13
<0.1
<0.2
0.1
<0.1
Oct. 16
<0.1
<0.2
<0.1
<0.1
Nov.
13
0.2
<0.2
<0.1
<0.1
          
a. Information from Reference (47).
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LAKE HURON INSHORE SURFACE WATER
TABLE 37
DOUGLAS POINT AND BRUCE "A" NUCLEAR GENERATING STATIONSaab:C
  
1981
CONCENTRATION IN pCi/L
STATION NORTH WEST SAMPLING
NUMBERb LATITUDE LONGITUDE DATE 3H 9°Sr
113 44°18'24" 81°38'12" May 4 290: 50 0.95:.15
July 4 250: 40 0.69:.12
Oct. 9 420: 60 0.61:.11
Nov. 14 230: 50 0.91:.16
114 44°19'42" 81°37'24" May 4 280: 50 0.92:.15
Ju1y 4 160$ 40 0.75:.13
Oct. 9 380: 60 0.78:.13
Nov. 14 260: 50 0.70:.12
115 44°20'48" 81°36'08" May 4 350: 50 0.86:.15
Ju1y 4 180: 40 0.51:.11
Oct. 9 940: 80 0.761.13
Nov. 14 330: 50 0.70:.12
116 44°18'24" 81°36‘42" May 4 770: 70 0.94:.15
Ju1y 4 220: 40 0.78:.13
Oct. 9 560: 60 0.76:.13
Nov. 14 300: 50 0.69:.12
117 44°20'09" 81°35'42" May 4 1120: 80 0.90:.15
Ju1y 4 270: 40 0.72:.12
Oct. 9 1160: 90 0.84:.14
Nov. 14 370: 50 0.66:.12
121 44°19'33" 81°36'50" May 4 630: 60 1.11:.18
Ju1y 4 220: 40 0.64:.12
Oct. 9 11701500 0.91:.16
Nov. 14 370: 50 1.13:.18
122 44°20'02" 81°36'45" May 4 330: 50 0.97:.16
July 4 230: 40 0.73:.13
Oct. 9 350: 60 0.53:.11
Nov. 14 430: 50 0.82:.14
123 44°20'55" 81°34'23" May 4 14501100 1.02:.18
Ju1y 4 720: 40 0.73:.13
Oct. 9 5160:240 0.71:.13
Nov. 14 46701220 0.70:.12
364 44°19'03" 81°36'50" May 4 860: 70 0.64:.11
Ju1y 4 160: 40 0.77:.13
Oct. 9 4301 60 0.82:.14
Nov. 14 - —
371 44°19'33" 81°36'27" May 4 1010: 80 0.73:.13
Ju1y 4 7801 40 0.77:.13
Oct. 9 31301160 0.70:.12
Nov. 14 1040: 80 0.82:.14
372 44°20'36" 81°35'12" May 4 930: 70 0.81:.13
Ju1y 4 780: 40 0.72:.13
Oct. 9 830: 80 0.85:.16
Nov. 14 340: 50 1.02:.18
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 Tabie 37 - cont'd.
CONCENTRATION IN pCi/L
     
STATION
NORTH
WEST
SAMPLING
NUMBERb
LATITUDE
LONGITUDE
DATE
aH
’°Sr
373
44°20'54"
81°35'21"
May
4
720:
70
0.74:.12
Ju1y
4
190:
40
0.85:.15
Oct. 9 - -
Nov.
14
350:
50
1.361.26
456
44°19'11"
81°36'34"
May
4
1040:
80
0.81:.14
July
4
2501
40
0.84:.15
Oct.
9
340:
60
0.72:.14
Nov.
14
280:
50
0.78:.14
458
44°19'46"
81°36'13"
May
4
1040:
80
0.721.13
Ju1y
4
2001
40
0.822.15
Oct. 9 540: 60 0.80:.15
Nov. 14 - -
459
44°20'09"
81°36'06"
May
4
820:
70
0.63:.13
Ju1y
4
4701
40
0.73:.15
Oct. 9 — -
Nov. 14 320: 50 1.211.22
461
44°20'30"
81°35'29"
May
4
1020:
80
0.75:.14
Ju1y 4 400: 40 0.87:.16
Oct. 9 16201110 0.90:.16
Nov. 14 340: 50 2.09:.36
463
44°20'51"
81°34'44"
May
4
1400:
90
0.75:.13
Ju1y 4 760: 40 -O.79:.13
Oct. 9 - -
Nov. 14 - -
467
44°21'07"
81°34'44"
May 4
9501 80
0.79:.14
Ju1y 4 380: 40 0.702.12
Oct. 9 63201280 0.74:.15
Nov. 14 4150:200 0.881.15
469
44°20‘55"
81°34‘10"
May 4
1741110
0.66:.13
Ju1y 4 1280: 50 0.861.14
Oct. 9 5390:250 0.89:.17
Nov. 14 - -
   
a.
6°Co, 1“Cs, and 13“Cs each <O.2 pCi/L at a11 stations except
Station 121 (13765 = 0.23:0.03 pCi/L and 6°Co = 0.30:0.04 pCi/L on
October 9) and Station 461 ('37Cs
b. A chart is avaiiabie which shows the Iocation of each station reiative to
the discharge channe1s from the Dougias Point and the Bruce "A" nuc1ear
generating stations.
c. Information from Reference (47).
0.2 pCi/L on November 14).
 TABLE 38
LAKE HURON INSHORE SURFACE HATER
DOUGLAS POINT AND BRUCE "A" NUCLEAR GENERATING STATIONSa~b1C
       
1982
CONCENTRATION IN pCi/L
STATION NORTH NEST SAMPLING
NUMBERb LATITUDE LONGITUDE OATE 3H 9°$r
113 44°18'24" 81°38'12" June 4 13801110 0 701.11
Aug. 3 8601 80 0.701.11
Sept. 24 <14O 0.781.11
Oct. 26 <14O 0.621.11
Nov. 17 <14O 0.681.11
114 44°19'42" 81°37'24" June 4 13001 80 0.651.14
Aug. 3 8101 80 0.701.11
Sept. 24 140 0.681.11
Oct. 26 140 0.651.11
Nov. 17 140 0.701.11
115 44°20'48" 81°36'08" June 4 45901220 0 841.14
Aug. 3 7601 80 0.681.11
Sept. 24 <14O 0.621.11
Oct. 26 <14O 0.681.14
Nov. 17 <14O 0.761.11
116 44°18'24" 81°36'42" June 4 6501 50 0.761.16
Aug. 3 9201 80 0.781.11
Sept. 24 1401 50 0.591.11
Oct. 26 <14O 0.761.14
Nov. 17 <140 1 0.781.14
117 44°20'09" 81°35'42" June 4 14101110 0.591.11
Aug. 3 11901 80 0.651.11
Sept. 24 4901 50 0.651.11
Oct. 26 <140 0 701.11
Nov. 17 4901 50 0.701.14
121 44°19'33" 81°36'50" June 4 9701 80 0.781.14
Aug. 3 10801 80 0.681.11
Sept. 24 1501 50 0.591.08
Oct. 26 6201 50 0.681.11
Nov. 17 6801 50 0.651.11
122 44°20'02" 81°36'45" June 4 10001 80 0.891.16
Aug. 3 7601 80 0 701.14
Sept. 24 1801 50 0.621.11
Oct. 26 <140 0.681.11
Nov. 17 7601 80 0.701.14
123 44°20'55" 81°34'23" June 4 29701160 0.511.16
Aug. 3 20001110 0.781.14
Sept. 24 22201140 0.681 11
Oct. 26 16501110 0.651.11
Nov. 17 19701110 0.811.14
364 44°19'03" 81°36'50" June 4 5901 50 0.681.11
Aug. 3 13801110 0.781.14
Sept. 24 <14O 0.651.08
Oct. 26 5101 so 0.591.11
Nov. 17 <14O 0.781.14
371 44°19'33" 81°36'27" June 4 5401 50 0.591.08
Aug. 3 16501110 0.681.11
Sept. 24 2701 50 0.761.11
Oct. 26 13201 80 0.681.11
Nov. 17 64901270 0.651.11
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 Table 38 - cont'd.
       
CONCENTRATION
1N
pCi/L
STATION
NORTH
NEST
SAMPLING
NUMBERb
LATITUDE
LONGITUDE
DATE
3H
9°Sr
372
44°20'36"
81°35'12"
June
4
1350:110
0.57:.08
Aug.
3
1220:
80
O
70:.11
Sept.
24
380:
50
0.76:.11
Oct.
26
<14O
0.62:.14
Nov.
17
<140
0.73:.14
373
44°20'54"
81°35'21"
June
4
1650:110
0.70:.11
Aug.
3
890:
80
0.65:.14
Sept.
24
460:
50
0.62:.11
Oct.
26
300:
50
0.65:.14
Nov.
17
<140
0.70:.11
456
44°19'11"
81°36'34"
June
4
350:
50
0.76:.11
Aug.
3
1350:110
0.59:.14
Sept. 24 300: 50 0.65:.11
Oct. 26 300: 50 0.70:.14
Nov.
17
<14O
0.73:.14
458
44°19'46"
81°36'13"
June
4
650:
80
0.57:.08
Aug. 3 970: 80 0.66:.11
Sept. 24 320: 50 0.70:.11
Oct. 26 <14o 0.68:.16
Nov. 17 230: 50 0.73:.14
459
44°20'09"
81°36'06"
June
4
1240: 80
0.76:.11
Aug. 3 2000:110 0.73:.11
Sept. 24 1190: 80 0.70:.11
Oct. 26 <14O 0.70:.11
Nov. 17 350: 50 0.70:.11
461
44°20'30"
81°35'29"
June 4
1590:110
0.73:.11
Aug. 3 810: 80 0.73:.11
Sept. 24 320: 50 0.70: 11
Oct. 26 <I40 0.70:.11
Nov. 17 270: 50 0.62:.11
466
44°21'04"
81°35'03"
June 4
5410:240
0.46:.08
Aug. 3 1050: 80 0.54:.16
Sept. 24 300: 50 0.76:.14
Oct. 26 650: 50 0.65:.11
Nov. 17 <140 0.70: 11
467
44°21'07"
81°34'44"
June 4
3780:190
0.54:.08
Aug. 3 1840:110 0 78:.14
Sept. 24 680: 80 0.68:.11
Oct. 26 1840:110 0.68:.11
Nov. 17 <14O 0.68:.11
469 44°20'55" 81°34'10" June 4 2700:140 0.57:.08
Aug. 3 4860:270 0.62:.11
Sept. 24 2970:270 0.62:.11
Oct. 26 2700:270 0.73:.11
Nov. 17 2240:140 0.78:.14
  
a. 6°Co, 137Cs, and 13"Cs each <0.2 pCi/L at all stations.
b. A chart is available which shows the location of each station relative to
the discharge channels from the Douglas Point and the Bruce "A" nuclear
generating stations.
c. Information from Reference (47).
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 TABLE 39
PI
CK
ER
IN
G
"A
"
SO
UR
CE
CO
NT
RO
L
AR
EA
a
        
1981
STA
TIO
N
OCA
TIQ
N
C 0
N C
E N
T R
A T
I 0
N
1 N
pCi
/L
NO
RT
H
WE
ST
ST
AT
IO
N
SA
MP
LI
NG
LAT
ITU
DE
LON
GIT
UDE
NUM
BER
DAT
E
GRO
SS
a
GRO
SS
e
3H
9°S
r
43°
48'
33"
79°
04'
44"
165
9
May
13
1
2
490
1 6
0
0.6
5 1
.12
JuTy 2 <1 3 1080 1 80 0.74 1 .12
Sept
. 8
3
4
590
1 6
0
0.8
4 1
.17
Nov.
9
<2
3
290
1 5
0
1.0
0 1
.16
43°
48'
25"
79°
04
32“
166
0
May
13
1
3
500
1 6
0
0.6
4 1
.12
JuTy
2
<1
3
800
1 70
0.81
1 .1
3
Sep
t.
8
<2
3
870
1 7
0
0.8
7 1
.16
Nov.
9
<2
3
350
1 50
0.78
1 .1
4
43°
48'
35"
79°
05'
03"
1661
May
13
<1
3
430
1 5
0
0.7
0 1
.13
JuTy
2
<1
3
1220
1 80
0.84
1 .1
4
Sept
. 8
<2
3
250
1 50
0.90
1 .1
6
Nov. 9 <2 4 240 1 50 0.88 1 .16
43°4
8'25
"
79°0
5'00
"
1662
May
13
<1
3
440
1 60
0.93
1 .1
6
JuTy 2 1 3 720 1 60 0.89 1 .14
Sept. 8 <2 4 380 1 50 0 74 1 .16
Nov.
9
<2
2
250
1 50
0.84
1 .1
5
43°4
8'15
"
79°0
4'51
"
1663
May
13
1
2
510
1 60
0.80
1 .1
5
JuTy 2 1 3 460 1 60 0.81 1 .15
Sept. 8 <2 3 310 1 50 0.80 1 .14
Nov. 9 <2 3 270 1 50 0.86 1 .16
43°4
8‘09
"
79°0
4'40
"
1664
May
13
<1
3
440
1 60
0.80
1 .1
4
JuTy 2 2 2 350 1 50 0.90 1 .14
Sept. 8 <2 4 420 1 60 0.64 1 .12
Nov. 9 <2 3 220 1 40 0.85 1 .17
43°
48'
07"
79°
04'
08"
1665
May
13
<1
3
460
1 6
0
0.6
6 1
.12
JuTy 2 <1 2 420 1 50 1.00 1 .18
Sept. 8 <2 4 530 1 60 0.78 1 .15
Nov. 9 <2 3 290 1 50 1.02 1 .17
43‘4
8'19
"
79°0
3'52
"
1666
May
13
<1
3
840
1 70
0.88
1 .1
5
Ju1y 2 <1 3 430 1 50 0.94 1 .18
Sept. 8 <2 3 470 1 60 0.85 1 .16
Nov. 9 <2 3 540 1 60 0.78 1 .14
a. Information from Reference (47).
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TABLE 40
PICKERING "A" SOURCE CONTROL AREAa
         
1982
STATION LOCATION C 0 N C E N T R A T I O N I N pCT/L
NORTH WEST STATION SAMPLING
LATITUDE LONGITUDE NUMBER DATE GROSS a GROSS e 3H 9°Sr
43°48'33" 79°04‘44" 1659 May 6 <2 3 2350 1 140 0.62 1 11 1
June 25 <2 3 350 1 50 0.81 1 .14
Aug. 6 <1 4 1510 1 110 0.84 1 .14
Sept. 22 <1 4 1570 1 110 0.78 1 .11
Oct. 25 <2 3 1050 1 80 0.59 1 .08
Dec. 2 <2 4 1300 1 80 0.89 1 .11
43°48'25" 79°04'32" 1660 May 6 <2 4 1540 1 110 0.65 1 .11
June 25 <2 2 210 1 50 0.86 1 .14
Aug. 6 <1 4 760 1 80 0.95 1 .11
Sept. 22 <1 3 1220 1 80 0.73 1 .14
Oct. 25 <2 3 950 1 80 0.68 1 .11
Dec. 2 <2 4 4320 1 270 0.92 1 .14
43°48‘35" 79°05'03" 1661 May ( <2 3 1540 1 110 0.70 1 .11
June 25 <2 4 430 1 50 0.84 1 .14
Aug. 6 <1 3 840 1 80 0.68 1 .11
Sept. 22 1 3 1220 1 80 0.89 1 .14
Oct. 25 <2 4 730 1 80 0.78 1 .27
Dec. 2 <2 4 1320 1 80 0.91 1 .14
43°48'
25"
79°05‘
00"
1662
May 6
<2
4
1300 1
80
0 59 1
.11
June 25 <2 3 180 1 50 0 70 1 .11
Aug. 6 <1 3 540 1 50 0.76 1 .11
Sept. 22 <1 4 950 1 80 0.81 1 .11
Oct. 25 <2 3 620 1 50 0.78 1 .14
Dec. 2 <2 5 1220 1 80 0.81 1 . 1
43'48'15" 79°04'51" 1663 May 6 <2 3 730 1 50 0.92 1 .14
June 25 <2 4 620 1 50 0.85 1 .14
Aug. 6 <1 4 620 1 50 0.73 1 .11
Sept. 22 <1 4 1000 1 80 0.73 1 .1]
Oct. 25 <2 4 380 1 50 0.73 1 .14
Dec. 2 <2 3 1080 1 80 0.89 1 .14
43°48'09" 79°04'40" 1664 May 6 <2 4 810 1 50 0.73 1 .11
June 25 <2 3 970 1 80 0.68 1 .11
Aug. 6 <1 3 490 1 50 0.76 1 .14
Sept. 22 2 4 840 1 80 0.65 1 .11
Oct. 25 <2 3 430 1 50 0.78 1 .11
Dec. 2 <2 4 680 1 50 0.78 1 .11
43°48‘07" 79‘04'08" 1665 May 6 <2 3 410 1 so 0.55 i .11
June 25 <2 4 780 1 80 0.86 1 .14
Aug. 6 — - - _
Sept. 22 2 4 140 0.53 i .11
Oct. 25 <2 3 570 1 50 0.76 1 .14
Dec. 2 <2 4 240 1 50 0.76 1 .11
43°48'19" 79°03'52" 1666 May 6 <2 3 430 1 50 0.70 1 .14
June 25 <2 2 810 1 80 0.76 1 .11
Aug. 6 <1 3 210 1 50 0.84 1 .14
Sept. 22 1 3 470 0.76 1 11
Oct. 25 <2 3 570 1 50 0.76 1 .14
Dec. 2 <2 3 270 1 50 0.89 1 .14
a. Information from Reference (47).
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TABLE 41
LA
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TABLE
42
LAKE ONTARIO SURFACE WATERS - PORT HOPE HARBOUR - 1982a
 
CONCENTRATION
IN
pC‘i/L
 
GENERAL AREA
STATION
STATION
SAMPLING
GROSS a
CRO S a
22‘Ra
U
LOCATION
NUMBER
DATE
DISSOLVED
UNDISSOLVED
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UNDISSOLVED
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-
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3. Information from Reference (47).
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6-01—2006
6—01-2007
6-01-2008
6-01-2001
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n
o
v
-
-
—
4
M
M
K
D
Q
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C
D
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M
Q
O
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<
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<
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<
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<
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<
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<
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<
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a. Information from Reference (47).
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 7. Atmospheric Monitoring Programs in
the Great Lakes Basin
This chapter describes the routine atmospheric monitoring programs
conducted in the Great Lakes basin by the U.S. Environmental Protection
Agency, the New York Departnent of Health, the Wisconsin Department of Health
and Social Services, and the Canada Department of National Health and
Welfare. Results fran these programs for 1981 and l982 are presented, along
with a discussion of the significance of these results. Special studies
undertaken by National Health and Welfare are also described.
ROUTINE MONITORING PROGRAMS
ENVIRONMENTAL RADIATION AMBIENT MONITORING SYSTEM (40-42, 51, 77, 78)
In the United States, environmental radiation data are compiled and
distributed by EPA's Office of Radiation Programs, Eastern Environmental
Radiation Facility, Montgomery, Alabama. Data are collected through the
Environmental Radiation Ambient Monitoring System (ERAMS) and published
quarterly in the report series, "Environmental Radiation Data".
ERAMS was established in 1973. The nationwide network of sampling
stations provides air, surface water, drinking water, as well as milk samples
fran which environmental radiation levels are derived. The major emphasis is
on the identification of trends in the accumulation of long-lived
radionuclides in the environment. Sampling locations are selected to provide
wide population coverage.
The stations provide information about:
1. Fallout from nuclear weapons tests.
2. Releases frun nuclear power reactors, fuel fabrication facilities,
and reprocessing plants.
3. Natural background levels.
The analyses performed on air particulate and precipitation samples
prov
ide
an i
ndic
atio
n of
the
gene
ral
impa
ct o
f al
l co
ntri
buti
ng
sour
ces
on
environmental levels of radiation.
Airborne particulate samples are presently being collected on a continuous
bas
is
at
mor
e t
han
40
loc
ati
ons
in
the
Uni
ted
Sta
tes
, s
ix
of
whi
ch
are
loc
ate
d
in o
r ne
ar t
he G
reat
Lake
s ba
sin
(Tab
le 4
7).
Filt
ers
fran
air
samp
lers
are
cha
nge
d t
wic
e w
eek
ly.
Ana
lys
es
are
per
for
med
for
gro
ss
B a
nd,
1f
the
gro
ss
8
cou
nt
is
gre
ate
r t
han
1 p
Ci/
m3,
a y
-sc
an
is
per
for
med
.
Ana
l
ses
are
als
o
per
for
med
on
qua
rte
rly
com
pos
ite
s
for
238
Pu,
239
Pu,
23"
U,
23
U,
and
238
U.
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 Precipitation samples are presently being collected at more than 25
stations, three of which are in the Great Lakes basin. Samples are composited
monthly and analyzed for 3H, gross B, and yaactivity. Plutonium and
uranium analyses are also performed for the above noted isotopes on selected
precipitation samples.
The data fran the ERAMS air monitoring program are tabulated in
"Environmental Radiation Data“, which is published quarterly. Average gross B
values for air particulate samples collected in the Great Lakes basin during
1981 and the first half of 1982 are given in Table 48. The average
concentration for 1981 was 0.08 pCi/ma, and the average concentration for
the first half of 1982 was 0.02 pCi/m3.
The average gross B values reported from the ERAMS program are remarkably
consistent across the United States for any given month. Gross B values
showed an increase, starting with samples collected in November 1980; values
reached a peak in April-May 1981 at all Great Lakes stations, and declined
thereafter to values at or near the analytical detection limit of 0.01
pCi/ma. The maximum average gross B value reported at a Great Lakes station
during this period was 0.21 pCi/ma.
NEW YORK (37, 76)
The New York Departnent of Health collects air particulate samples at 13
locations around the state in the vicinity of nuclear facilities. Three of
these locations are in the Great Lakes basin (Table 47). Air particulate and
fallout samples are also collected at one location (Albany County) not
affected by a nuclear installation. This station provides a measure of
natural background radioactivity plus any worldwide buildup from the use of
nuclear energy and from atmOSpheric testing of nuclear weapons.
AtmOSpheric particulate samples are collected on filters which are changed
weekly. The filters are subsequently analysed for gross B. Quarterly
composites of the filters are also analyzed for specific isotopes, including
13705, 13“CS, 106Ru, 95Zr-Nb, 90Sr, and 7Be. Air samples collected on
charcoal cartridges are analyzed weekly for 131I. Results are published
quarterly and summarized in an annual report.
The State of New York made the following observations from their 1981 and
1982 atmOSpheric particulate data (see Table 49). The overall average gross B
level for atmospheric particulate samples collected during 1981 in the
Vicinity of nuclear facilities and at the background station was 0.071 pCi/ma.
This was greater than the 1980 average of 0.015 pCi/ma, but typical of
recent years. In 1981, the Albany background samples averaged 0.068
pCi/ma. In 1982, the overall average gross B level was 0.014 pCi/ma, in
close agreement with the 1980 average.
Air particulate samples were collected during 1981 at one station in the
predominant downwind direction of the former Nuclear Fuel Serv1ces Site. The
gross B level in all samples was similar to other areas of the state and . .
indicate no influence from the plant. The results from analyses for spec1f1c
isotopes also indicate no influence.
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C
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DI
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CT
IV
IT
Y
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TR
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ERAMS - 1981 AND 1982
        
STA
TIO
N
LOC
ATI
ONa
Gro
ss
B
(pC
i/m
31b
1981 1982d
Ch
ic
ag
o,
11
1i
no
is
0.
07
0.
02
La
ns
in
g,
Mi
ch
ig
an
0.
07
0.
03
Ni
ag
ar
a
Fa
11
s,
Ne
w
Yo
rk
0.
08
0.
02
Sy
ra
cu
se
,
Ne
w
Yo
rk
-
0.
02
To
Te
do
,
Oh
io
0.
08
0.
02
Ma
di
so
n,
Ni
sc
on
si
n
0.
07
0.
02
Av
er
ag
ec
0.
08
0.
02
a.
0n
1y
th
os
e
st
at
io
ns
in
th
e
Gr
ea
t
La
ke
s
ba
si
n.
b.
An
a1
yt
ic
a1
de
te
ct
io
n
1i
mi
t
=
0.
01
pC
i/
m3
.
c. For Great Lakes stations.
d. January-June 1982 0n1y.
TABLE 49
ATMOSPHERIC RADIOACTIVITY CONCENTRATIONS
NEW YORK - 1981 AND 1982
STATION LOCATIONa Gross B (pCi/ma)
1981 1982
Cattaraugus County 0.073 0.015
Oswego County 0.065 0.014
Wayne County 0.071 0.014
A1bany (background) 0.068 0.015
Averageb 0.071 0.014
a. 0n1y those stations in the Great Lakes basin.
b. For a11 1ocations in New York.
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 Since the faci1ity no 1onger reprocesses spent fue1, p1utonium samp1ing
has been discontinued.
In genera1, samp1es co11ected fran the air station near the Nine Mi1e
Point and the Fitzpatrick nuc1ear generating p1ants and from the air station
near the Ginna p1ant showed 1eve1s consistent with other current ambient
statewide 1eve1s in both 1981 and 1982.
WISCONSIN (44)
The Wisconsin Deparunent of Hea1th and Socia1 Services co11ects
atmOSpheric samp1es at three 1ocations in the Great Lakes basin (Tab1e 47).
AtmOSpheric particu1ate samp1es are co11ected on fi1ters which are changed
week1y. These fi1ters are subsequent1y ana1yzed for gross B. The week1y
fi1ters are a1so combined and ana1yzed month1y for y-emitting isotopes,
inc1uding 13705, 1"Ru, 95Zn-Nb, 7Be, and W‘Ce. A charcoa1 cartridge is run
in tandem with the particu1ate samp1er and is a1so changed week1y. The
cartridge is ana1yzed for 1“I. Resu1ts are avai1ab1e from the Division of
Hea1th of the Departnent of Hea1th and Socia1 Services.
Based on the State of Wisconsin's ana1ysesg the average gross B 1eve1 for
the three Great Lakes stations was 0.058 pCi/m in 1981 and 0.013 pCi/m3
in 1982 (Tab1e 50).
CANADA DEPARTMENT OF NATIONAL HEALTH AND WELFARE (16, 24, 25, 39)
The Environmenta1 Radiation Hazards Division, Radiation Protection Bureau,
Departnent of Nationa1 Hea1th and Ne1fare, Operates a nationa1 fa11out network
across Canada, with five stations 1ocated in the Great Lakes basin (Tab1e
47). Ana1yses are performed to determine gross B activity in surface air
particu1ate samp1es and in precipitation. Air fi1ters are co11ected and
ana1yzed week1y for gross B activity in air particu1ates. Month1y
precipitation samp1es are composited quarter1y for ana1ysis.
Samp1es are a1so co11ected as part of the Reactor Monitoring Program, at
stations Tocated in the vicinity of the Bruce and the Pickering nuc1ear
generating stations. Samp1es are ana1yzed for 3H, the principa1
radionuc1ide re1eased from the CANDU reactor.
The resu1ts of ana1yses of samp1es co11ected in 1981 and 1982 at stations
in the nationa1 fa11out network and the Reactor Monitoring Program 1ocated in
the Great Lakes basin are given in Tab1e 51. The average gross B 1eve1s were
0.082 pCi/m3 for 1981 and 0.021 pCi/m3 for 1982.
SIGNIFICANCE OF REPORTED RESULTS
The annua1 average ambient gross B 1eve1s reported by the U.S.
Environmenta1 Protection Agency, Wisconsin, New York, and the Canada .
Deparunent of Nationa1 Hea1th and Ne1fare, and presented above, are con51stent
with each other. The data a11 show an increase in the average annua1 gross B
1eve1s reported in 1981 over 1eve1s reported for 1980 and 1982. .In addition,
the U.S. Environmenta1 Protection Agency's ERAMS program and Nationa1 Hea1th
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and We1fare's nationa1 fa11out network reported that peak gross B va1ues for
stations 1ocated in the Great Lakes basin occurred in the spring of 1981.
This increase and subsequent peak were due to fa11out of residua1
radioactivity fran the atmospheric weapons test conducted in October 1980.
For 1980, New York reported an annua1 average gross B 1eve1 of 0.015
pCi/m3. For 1981, New York, Wisconsin, U.S. EPA, and Nationa1 Hea1th and
We1fare reported average 1eve1s of 0.071, 0.058, 0.08, and 0.082 pCi/ma,
reSpective1y. For 1982, Wisconsin, New York, U.S. EPA, and Nationa1 Hea1th
and We1fare reported average 1eve1s of 0.013, 0.014, 0.02 and 0.021 pCi/ma,
reSpective1y. The maximum reported gross B 1eve1 from the ERAMS program for a
station in the Great Lakes basin was 0.21 pCi/ma, in both Apri1 and May
1981; from the Nationa1 Hea1th and We1fare program, the maximum 1eve1 was 0.27
pCi/m3 in Apri1 1981 (see be10w).
The data presented above wou1d indicate no measurab1e 1eve1s of gross B in
the atmosphere resu1ting from the operation of nuc1ear generating stations in
the Great Lakes basin.
SPECIAL MONITORING PROGRAMS
 
The Canada Deparbnent of Nationa1 Hea1th and We1fare undertook Specia1
studies in the vicinity of the Pickering nuc1ear generating station and the
Nanticoke coa1—fired generating station, the E1dorado Resources refinery at
Port Hope, and as a resu1t of the atm05pheric weapons test conducted on Oct.
16, 1980 by the Peop1es Repub1ic of China. The resu1ts of the first study are
described in Chapter 4 of this report, and the 1ast two arediscussed be1ow.
ATMOSPHERIC WEAPONS TEST (16, 25)
The 1eading edge of the October 16, 1980 weapons test reached the west
coast of Canada on October 19 at an a1titude of 9,000 to 15,000 metres.
Nationwide dai1y monitoring of surface air for gross B activity was carried
out from October 17 to November 14. Air fi1ters were changed dai1y.
Fresh fa11out radioactivity was first observed on air fi1ters co11ected at
ground 1eve1 on October 28. The radionuc1ides identified in both the air
samp1es as we11 as in precipitation samp1es were 95Zr, 95Nb, 99Mo,
1“Ru, 131I, 1""La, 1“Ce, 237U, and 239Np. Gross B 1eve1s in air
particu1ates during this period reached 1eve1$ 3 to 10 times higher than those
measured during the same period in 1979. The highest va1ue recorded (in
CaTgary) was, however, 1ess than 0.001 of the maximum permissib1e 1eve1.
Gross B 1eve1s in air continued to be strong1y inf1uenced by the test for
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URANIUM EMISSIONS AT PORT HOPE (16)
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 8. Remedial and Safety Measures
In its July l979 report, the Radioactivity Subcommittee provided a
detailed description of the Canadian and the United States nuclear fuel
cycles, including the status of, and Options for, waste management. The
Subcommittee also described the expected impact of the various components of
the nuclear fuel cycle underboth normal and abnormal Operations, plus the
impact of existing facilities in the Great Lakes basin.
The purposes of this chapter are to:
1.
Provide an update regarding Specific remedial measures to reduce
the impact of specific nuclear fuel cycle activities in the
Great Lakes basin.
Describe progress to develOp repositories for the permanent
disposal of high-level radioactive waste.
Describe measures implemented Specifically to prevent unplanned
releases of radioactivity to the ecosystem.
SPECIFIC REMEDIAL MEASURES
 
This section describes specific remedial measures designedto mitigate the
impact of:
—
-
J
o
#
0
0
»
Mine tailings in the Serpent River basin.
Refinery wastes in the Port Hope area.
Other low-level wastes in Canada.
High-level reprocessing wastes at the Western New York Nuclear
Service Center.
MINE TAILINGS IN THE SERPENT RIVER BASIN
The sources of radioactivity to the Serpent River are natural inputs from
the bedrock and surface water leaching of radium and thorium from uranium mine
tailings at both active and abandoned sites in the Elliot Lake area. Remedial
measures implemented at active mine sites have resulted in the precipitation
of much of the radioactivity into settling ponds.
The concentration of radium
reported at the mouth of the Serpent River over the past several years is only
about 20% of concentrations observed during the late-1960's (Table 21).
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 OTHER LON-LEVEL WASTES IN CANADA
0ntario Hydro is examining concepts for the disposal of low-level wastes
that are presently stored at their site at Tiverton, Ontario (2). Disposal
concepts involve engineered emplacement in various geologic media. No
schedule has been publicly announced.
WEST VALLEY DEMONSTRATION PROJECT
The former Nuclear Fuel Services (NFS) fuel reprocessing facility, at West
Valley, New York reprocessed fuel between 1966 and November 1971 and was
closed in 1972. The facility also received solid radioactive waste for burial
in trenches from 1963 until March l975 (30, 37).
Water punped fran the trenches at the low—level waste burial site are
treated at the low-level waste treatment facility and released in a controlled
manner to the surface water drainage. Surface water runoff from the site
drains into Buttermilk Creek, which drains into Cattaraugus Creek which, in
turn, discharges into Lake Erie.
Although elevated, the levels of radioactivity, as measured at Springville
Dam and reported as gross a, gross B, 9°Sr, and 3H, are all within the
U.S. Nuclear Regulatory Commission's technical specifications and also meet
the Environmental Protection Agency's drinking water standards (see Table 23).
A much more serious issue is how to treat and dispose of the approximately
600,000 gallons of high-level radioactive wastes which are stored underground
at the site. The wastes are composed of a sludge phase and an aqueous
supernatent solution.
The West Valley Demonstration Project Act (P.L. 96-368), signed October l,
1980, directed the U.S. Department of Energy to carry out a demonstration
project to:
l. Solidify, in a form suitable for tranSportation and diSposal, the
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h-l
eve
l w
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es,
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ng
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r,
if
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procedure, plus any other materials and equipment used in the progect.
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The Department of Energy prepared, in 1981, in comp1iance with the
Nationa1 Environmenta1 Po1icy Act, a draft environmenta1 impact statement
(EIS) and subsequent1y, in June 1982, a fina1 EIS entit1ed, "Long-Term
Management of Liquid High Leve1 Radioactive Wastes Stored at the Western New
York Nuc1ear Service Center West Va11ey“ (52).
The EIS assessed and compared environmenta1 imp1ications of four basic
a1ternatives, with Options within these a1ternatives, for the 1ong-term
management of the wastes:
1. 0n—site processing to a termina1 waste form for shipment and disposa1
in a U.S. federa1 repository.
2. On-site conversion to a so1idified interim form for shipment to a
U.S. federa1 waste faci1ity, 1ater processing to a termina1 form, and
shipment and subsequent disposa1 in a U.S. federa1 repository.
3. Mixing the 1iquid wastes with cement and other additives, pouring it
back into the existing tanks, and 1eaving on site.
4. No action, i.e. continued storage of the wastes in 1iquid form in the
underground tanks, either indefinite1y with the wastes periodica11y
transferred to new storage tanks or, after 10 years, reconsidering
so1idification a1ternatives.
On September 9, 1982, the Department of Energy issued (53) a Record of
v Decision "to construct and Operate the faci1ities necessary to so1idify the
1iquid high-1eve1 radioactive wastes . . . ." The components wou1d "be
separated into a concentrated high—1eve1 radioactive termina1 waste form
suitab1e for tranSportation and disposa1 in a Federa1 geo1ogic repository and
a 1ow-1eve1 radioactive sa1t cake." A1though none of the a1ternatives in the
EIS was so environmenta11y superior that it cou1d be identified as c1ear1y
preferab1e, this approach as se1ected since, of the four a1ternatives, it
provides for iso1ation of the waste from the human environment and, therefore,
offers the greatest protection for current and future generations from its
potentia1 hazards. A1so, this a1ternative had minimum re1iance on maintenance
1 and survei11ance.
 
Ongoing efforts wi11 further refine the design, construction, and
operationa1 aSpects of the project.
In June 1983, the Department of Energy announced se1ection of borosi1icate
g1ass as the waste form for the high-1eve1 waste. The se1ection was based on
studies particu1ar to the West Va11ey Project, as we11 as other existing
environmenta1 documentation. A report has been pub1ished which discusses the
basis for se1ection (54).
Re1ated discussions, such as fina1 decontamination and decommissioning of
so1idification faci1ities, and the siting and design of the repository wi11 be
addressed in subsequent environmenta1 ana1yses.
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 The
solidified
high-level
waste
would most
likely be
stored
at
the West
Valley
site
until
such
time
that
a federal
repository becomes
available,
in
the late l990's.
DiSposition of low-level waste
is another decision which will have to be
made. There are two principal Options:
l.
Packaging and storage on site until tranSport to a regional
low-level
waste burial site can be effected.
2.
Use of the U.S. NRC licensed burial
area at West Valley.
Westinghouse Electric Corporation was selected
in August l98l by the
Department of Energy as the prime contractor (government owned, contractor
operated) for the West Valley Demonstration Project.
Westinghouse formed the
West Valley Nuclear Services Company, Inc. (WVNS).
On February 25, l982, WVNS
and the Department of Energy formally assumed possession of the site from the
state of New York, which had assumed ownership following withdrawal of the
Nuclear Fuel Services Company.
WVNS, in cooperation with subcontractors and various state and federal
government agencies, has undertaken numerous activities with regard to
development of the solidification process, decontamination and
decommissioning, site operations, environmental documentation, and
construction and project management. Among the first major projects was
selection of the solid form into which the liquid wastes will be converted and
the process that will be used for the conversion; as noted above, borosilicate
glass has been selected as the waste form. The next step will be the design
and construction of the re rocessing facility. Actual solidification of the
wastes
is not expected to
egin until near the end of the decade.
Once begun,
it will take about three years to solidify all the high-level wastes at the
site.
Total expenditures for FY 1982 were $6.9 million.
Planned expenditures
for FY l983 were $15.4 million. Anticipated expenditures for FY l984 are
$36.0 million. Detailed plans, schedules, and cost estimates for work beyond
FY l984 are under development.
A summary of FY l982 accomplishments, FY l983 objectives, and FY 1984
goals are contained in the FY 1982 annual report of the project (55).
HIGH-LEVEL RADIOACTIVE WASTE
CANADA (2)
In Canada, with regard to high-level waste management and disposal, a
federal—Ontario agreement was renewed in August 198l to pursue the development
of a concept for diSposing of nuclear fuel waste at depth in a hard,
crystalline rock formation in the Canadian Shield. Atomic Energy of Canada
Ltd. is conducting a number of geological research programs and pr0jects
associated with the safety assessment of a nuclear fuel waste diSposal vault.
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This
gene
ric
rese
arch
and
deve
lopm
ent
prog
ram
iS p
lann
ed t
o be
comp
lete
d in
l990, with Site selection commencing at some time thereafter. In the
meantime, nuclear fuel wastes are stored in the form of intact spent fuel
bundles in water filled pools at reactor sites.
Research and development has also continued on immobilization technologies
for both irradiated fuel and on the wastes that would result from reprocessing
the fuel.
Atomic Energy of Canada Ltd. has published a comprehensive bibliography of
over 300 reports, plus another 300 technical records, which describe
scientific and technical aSpects of work in the Canadian Nuclear Fuel Waste
Management Program (56). The Canadian Nuclear Society has also published the
roceedings of an international conference on radioactive waste management,
eld in 1982 (57).
UNITED STATES
Nuclear fuel wastes are Stored at reactor sites in the United States in a
manner similar to that used in Canada. The plans are to keep the wastes on
site until permanent diSposal facilities are available. This may mean storage
of the waste at a site after the operating license of the generating facility
has expired or after a permanent shutdown has occurred. In addition, the
storage capacity at some sites may have to be increased.
The Nuclear Waste Policy Act, passed by the U.S. Congress in l982, gives
the U.S. Department of Energy until 1987 to choose a site for the first U.S.
repository, with tests using radioactive materials scheduled for l990. The
first re ository is to be operational by l998. The De artment of Energ has
started ooking at nine sites in six states which may Be suitable for the
first repository (61).
In December l982, the U.S. Environmental Protection Agency proposed
environmental standards for the management and disposal of Spent reactor fuel,
high-level wastes derived from reprocessing Spent fuel, and wastes containing
long-lived transuranic radionuclides (58).
The proposed standards would limit the risks to both present and future
generations and would adequately protect the public from harm caused by
management and disposal activities related to these wastes. Subpart A
addresses activities related to waste management and storage operations
preparatory to diSposal, and Subpart B addresses the long-term performance of
diSposal systems.
The standards for Subpart A would not permit radiation exposure to members
of the public to substantially increase beyond that now accepted for normal
operations of the uranium fuel cycle.
Subpart B, which deals with an unproven technology and with the need to
extend public health protection far into the future, proposes containment
requirements that place quantitative numerical limits on possible releases to
the environment for 10,000 years afterdiSposal. The requirements are not
Specific to any particular method of disposal, but do focus on mined
geological repositories.
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 Because
the
uncertainties
inherent
in
projecting
disposal
system
performance
for
10,000
years,
Subpart
B
also
contains
seven
qualitative
criteria
that
are
needed
to
develOp
appr0priate
confidence
that
the
containment
requirenents
will
be
met.
The
assurance
requirements
call
for
well
designed,
multiple—barrier
diSposal
systems
that
do
not
rely
on
perpetual
maintenance.
Further,
the
diSposal
system
should
be
located
where
disturbance
by
natural
forces
or
human
activities
would
be
unlikely.
The
U.S.
Environmental
Protection
Agency
has
also
published
a
technical
report
which
presents
the
methodology
used
to
assess
the
long—term
population
risks
fran
projected
releases
of
waste
from
a
geologic
repository
(59).
In
May
l983,
the
U.S.
National
Academy
of
Sciences
published
a
report
which
confirmed
that
the
technology
for
a
permanent
underground
repository
is
feasible
and
ready
for
testing
(60).
However,
additional
detailed
research
at
candidate
sites
is
needed
before
a
repository
is
actually
built
and
put
to
work.
Detailed
research
is
also
needed
on
how
to
package
the
wastes,
the
effects
of
groundwater,
and
how
to
seal
the
repository
once
it
is
filled.
The
report
also
questions
the
procedure
followed
by
the
U.S.
Environmental
Protection
Agency
to
set
safety
criteria
for
the
repository.
SAFETY PROGRAMS
In
order
to
ensure
that
nuclear
power
reactors
are
constructed,
maintained,
and
operated
at
a
high
level
of
integrity,
and
to
improve
the
overall
performance
of
the
nuclear
power
industry
as
a
whole,
several
initiatives
have
been
undertaken
in
both
the
United
States
and
Canada.
Certain
of
these
are
briefly
described
below.
UNITED STATES
Six initiatives for the nuclear power industry in the United States are:
l.
Unresolved Safety Issues (USI) Program by the U.S. Nuclear
Regulatory Commission (NRC).
2.
Three Mile Island (TMI) Action Plan, developed by the U.S. NRC.
3.
Systematic Assessment of Licensee Performance (SALP) program by
the U.S. NRC.
4. Systematic Evaluation Program (SEP) by the U.S. NRC.
5. Institute of Nuclear Power Operations (INPO), supported by the
electric utility industry.
6. The U.S. NRC Enforcement Program.
Unresolved Safety Issue Program (79)
Section 210 of the Energy Reorganization Act of l974, as amended, requires
that the U.S. NRC report annually on programs to resolve items identified as.
Unresolved Safety Issues (USI's). Generic issues were initially identified in
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 Systematic
Assessment
of
Licensee
Performance
(l,
62)
The
Systematic
Assessment
of Licensee
Performance
(SALP)
program was
initiated
by
the
U.S.
Nuclear
Regulatory
Commission
on
January
1,
l979
to
assess
licensee
performance.
The
program applies
to
all
power
reactors
with
operating licenses or construction
permits.
The "goal of SALP
is to improve
performance
of
the
industry
as
a whole
and
to
give
greater
assurance
to
the
public
that
nuclear
power
reactors
are
operated
safely."
The objectives of SALP are:
l.
To improve the U.S. NRC regulatory program in terms of resource
allocation.
2. To improve licensee performance.
3.
To collect
information and observations on an annual basis and to
evaluate licensee performance based on these observations.
Positive and negative attributes of licensee performance are considered.
Emphasis is placed on understanding the reasons for a licensee's performance
in important functional areas, and sharing this information with the
licensee. Licensees are evaluated in the functional areas listed in
Table 52. Evaluation criteria are listed in Table 53.
Reviews are conducted by the SALP Review Group, composed of
representatives from the Office of Nuclear Regulation, the Office of Analysis
and Evaluation of Operating Data, and the Office of Inspection and
Enforcement.
Reports are published annually; each covers an appraisal period
of l2 months, plus a 6-month period for review and evaluation of collected
information. Facilities are rated as above average, average, or below average. ‘
It should be noted that "a rating of below average does not mean that a
facility (is) unsafe or that its operations or construction should be
stopped. The expected performance level for nuclear facilities is
high. . . . A rating of below average means that a facility was notmeeting
the full measure of these high expectations and that, relative to (other)
nuclear facilities (in the United States), the facility's performance was
judged to be less desirable than most other facilities."
A summary of SALP findings, with regard to radiological control for
nuclear generating stations in the Great Lakes basin, for l982, is presented
in Table 54. Since the findings during the appraisal and evaluation are
discussed with the licensees, identified weaknesses are in various stages of
correction. The SALP report does not reflect the status of such corrective
actions, since these actions are dynamic. These actions are, however,
reflected in the SALP report for the next review period.
Systematic Evaluation Program (79)
 
The Systematic Evaluation Program was initiated in l977 by the U.S.
Nuclear Regulator Commission. The basic purpose of the Program 15 to
reconfirm the safety of older nuclear power plants in the United States. The
review compares the as-built plant with current licen51ng criteria and
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TABLE 52
  
SYSTEMATIC ASSESSMENT OF LICENSEE PERFORMANCE
FUNCTIONAL AREAS FOR MONITORING AND EVALUATION
OPERATING REACTORS
CONSTRUCTION PHASE REACTORS
  
(l)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
Plant operations
Radiological controls
(a) radiation protection
(b) radioactive waste mgmt.
(c) tranSportation
(d) effluent control and
monitoring
Maintenance
Surveillance - includes inservice
and preoperational testing
Fire protection
Emergency preparedness
Security and Safeguards
Refueling - includes initial fuel
loading
Licensing activities
(10) Others (as needed)
 
(l) Soils and foundation
(2) Containment and other
safety-related structures
(3) Piping systems and supports -
includes welding, NDE and
preservice inspection
(4) Safety-related components -
includes vessel,
inmwmk,pmms
(5) Support systems - includes
HVAC, radwaste, fire
protection
A
{
.
3
3
V
Electrical power supply
and distribution
(7) Instrumentation and
control systems
(8) Licensing activities
(9) Others (as needed)
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TABLE 53
SYSTEMATIC
ASSESSMENT
OF
LICENSEE
PERFORMANCE
EVALUATION CRITERIA
  
(l)
Management
involvement
in
assuring
quality
 
(2)
Approach
to
resolution
of
technical
issues
from
safety
standpoint
(3)
ReSponsiveness
to
U.S.
Nuclear
Regulatory
Commission
initiatives
(4) Enforcement history
(5)
Reporting
and
analysis
of
reportable
events
(6)
Staffing
(including
management)
(7)
Training
effectiveness
and
qualification
TABLE 54
SUMMARY OF SALP FINDINGS FOR l982
RADIOLOGICAL CONTROL
FACILITY
FINDINGS
-
RADIOLOGICAL
CONTROL
 
Big Rock Point
D.C. Cook
Davis-Besse
Fitzpatrick
Ginna
Kewaunee
Nine Mile Point 2
Palisades
Point Beach
Zion
 
Some weakness
Satisfactory performance
High level performance
Some weakness
Satisfactory performance
High level performance
Some weakness
Some weakness
High level performance
Some weakness
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det
erm
ine
s w
her
e t
her
e i
s a
nee
d f
or
cha
nge
.
Sig
nif
ica
nt
are
as
of
saf
ety
exa
min
ed
inc
lud
e s
yst
ems
req
uir
ed
for
saf
e s
hut
dow
n o
f a
pla
nt,
and
the
abi
lit
y o
f t
he
pla
nt
to
cop
e w
ith
such
pot
ent
ial
nat
ura
l e
ven
ts
as
earthquakes, floods, and tornadoes.
The Program provides:
1.
An
ass
ess
men
t o
f t
he
sig
nif
ica
nce
of
dif
fer
enc
es
bet
wee
n c
urr
ent
technical positions on safety issues and those that existed when the
plant was licensed.
2.
A ba
sis
for
deci
ding
how
thes
e di
ffer
ence
s s
houl
d be
reso
lved
in a
n
integrated plant review.
3. A documented evaluation of plant safety.
The original SEP objectives were:
l. The Program should establish documentation that shows how the
criteria for each operating plant reviewed compare with current
criteria on significant safety issues, and should provide a rationale
for acceptable departures from these criteria.
2. The Program should provide the capability to make integrated and
balanced decisions with respect to any required backfitting.
3. The Program should be structured for early identification and
resolution of any significant deficiencies.
4. The Program should assess the safety adequacy of the design and
operation of currently licensed nuclear power plants.
5. The Program should efficiently use available resources and summarize
requirements for additonal resources by the U.S. NRC or by the
industry.
The Program objectives were later interpreted to ensure that the SEP also
provide safety assessments adequate for the conversion of provisional
Operating licenses to full-term operating licenses.
In Phase I of the Program, the guidelines, techniques, and review areas to
be evaluated were developed. A total of 137 issues were identified for review
at each plant.
In Phase II, eleven of the oldest power plants in the United States are
being evaluated, two of which - Palisades and Ginna - are in the Great Lakes
basin. The systematic evaluation of these plants has improved overall plant
safety and has provided documentation of the extent to which the plants
conform to current licensing requirements.
Based on analysis of Phase II, the U.S. NRC is considering a Phase III for
ll additional operating reactors, but for a reduced number of topics.
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 Palisades
Nuclear
Generating
Station
(63)
In April
1982,
the
U.S.
NRC's
Advisory Committee
on
Reactor
Safeguards
(ACRS)
reviewed
the
results
of the
safety
review
and
the
Integrated
Plant
Safety
Assessment
for
the Palisades
facility.
The U.S.
NRC
staff
issued
a
final
safety
assessment
in
November
1982.
Of the l37 t0pics to be addressed by the SEP, 23 were not applicable to
the Palisades
facility.
In
order
to
avoid
duplication
and
to ensure
the
timely completion of the review,
an additional
24 topics were not addressed;
these
topics
were
identical
with
matters
being
reviewed by the
U.S.
NRC
in
connection with
the resolution of Unresolved Safety Issues or TMI Action Plan
requirements.
0f the 90 topics reviewed,
57 met current U.S. NRC criteria or were
acceptable on other defined bases.
As a result of modifications by Consumers
Power Company, which operates the facility, two additional topics met the
criteria.
The Palisades facility did not meet current criteria for all or part of
the remaining 3l topics.
These topics were addressed by the Integrated
Assessment and have been resolved in various ways:
1. Addition or modification of equipment.
2. Development or modification of procedures or technical Specifications.
3. No backfit was required.
At the time of the ACRS's review of the report, the Integrated Assessment
had not been completed for 9 topics, primarily because information was still
forthcoming from Consumers Power Company. The information consisted of
calculations, evaluations, and various other submittals which were required by
the U.S. NRC as bases for assessments and decisions. The resolution of these
t0pics will be addressed in a supplemental report.
The findings of the review and assessment for the Palisades facility are
documented in the U.S. NRC report, "Integrated Plant Safety Assessment,
Systematic Evaluation Program - Palisades Plant" and its Supplements (64).
Ginna Nuclear Generating Station (65)
In May and in July l982, the ACRS reviewed the results of the SEP for the
Ginna facility. The U.S. NRC staff issued a final safety assessment in
February l983.
0f the l37 tapics to be addressed by the SEP, 2l were not applicable to
the Ginna facility; 24 additional topics were deleted from rev1ew, because
they were being addressed generically under either the Unresolved Safety
Issues Program or the TMI Action Plan.
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0f the 92 topics reviewed, 58 met current U.S. NRC criteria or were
acceptable on other defined bases. As a result of modifications made or
committed to by the Rochester Gas and Electric Corporation, which operates the
facility, seven additional topics were subsequently added to the acceptable
category.
The Ginna facility did not meet current criteria for all or part of the
remaining 27 topics. These topics were addressed by the Integrated Assessment
and have been resolved to various degreesin various ways:
l. Addition or modification of structures or equipment.
2. Development or modification or procedures or technical Specifications.
3. Refined engineering analysis or continuation of ongoing evaluation.
4. No backfit was required.
At the time of the ACRS's review of the report, the Integrated Assessment
had not been completed for portions of 7 t0pics, primarily because of
information that was still forthcoming from Rochester Gas and Electric. The
information consisted of results of studies, calculations, and evaluations
which were required by the U.S. NRC for its assessments and decisions. These
topics will be addressed in a supplemental report.
Three areas requiring resolution between Rochester Gas and Electric and
the U.S. NRC are:
l. Groundwater level and the associated hydrostatic pressure which
structures below grade must withstand. The plant was desi ned,
assuming a groundwater elevation of 250 feet; the groundwa er is
presently near this elevation. Since there has been no program to
demonstrate that the level does not exceed 250 feet during periods of
prolonged precipitation, the U.S. NRC staff contends that the effects
of groundwater should be evaluated at an assumed elevation of the
surface of the ground, i.e. approximately 270 feet.
2. Flooding of the site by Deer Creek, a small stream which flows into
Lake Ontario in the vicinity of the plant. Flooding from Lake
Ontario, but not Deer Creek, was considered when the plant was
originally licensed.
3. Several containment isolation valves which do not satisfy the
requirements of the relevant design criterion.
The findings of the review and assessment for the Ginna facility are
documented in the U.S. NRC report, "Integrated Plant Safety Assessment,
Systematic Evaluation Program - R.E. Ginna Nuclear Power Plant"(66). A
supplement will be issued to address the status of all TMI and Unresolved
Safety Issue tasks applicable to the Ginna facility.
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 Institute of Nuclear Power Operations (62, 79)
 
The Institute of Nuclear Power Operations (INPO) was established in 1979
to promote safety andreliability in the construction and operation of nuclear
power plants. It was self-initiated by the nuclear power industry in response
to the issues and problems revealed in the aftermath of the Three Mile Island
accident.
INPO's approach is performance oriented. Overall maintenance and
technical support are studied through on-site visits. INPO prepares a report
for the utility company, identifying areas which need strengthening or
improvement. INPO's major programs and activities are:
l. Evaluation programs
Development of documents - criteria, guidelines, and good practices
Training accreditation
Analysis of events
Assistance to members
0
1
0
1
-
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)
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u
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Information exhange.
InSpections have been made for several nuclear generating facilities in
the United States portion of the Great Lakes basin.
Enforcement Program (79)
The purpose of the U.S. NCR's enforcement program is to protect public
health and safety. The program ensures that licensees comply with regulatory
requirements. The U.S. NRC policy calls for three types of enforcement action:
1. Notices of Violation are issued for all instances of non-compliance
with U.S. NRC requirements.
2. Civil penalties are issued in case of significant or repetitive
non-compliance or when a Notice of Violation has not been effective.
Civil penalties may be imposed for particularly significant first-of-
a—kind violations. Fines as high as $100,000 per violation maybe
imposed, with no ceiling on the total fine for any 30-day period.
3. Orders to cease and desist operations, or to suSpend, modify, or
revoke licenses are issued to cover extremely serious cases.
Enforcement action requires the licensee to correct the particular problem
and to establish measures to preclude recurrence.
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 9. Summary
NUCLEAR FACILITIES IN THE GREAT LAKES BASIN
The 14 nuclear generating stations consisting of 23 reactors presently
operating in the Great Lakes basin represent an installed electric generating
capacity of 15.3 cu. Although plans for six additional nuclear generating
stations have been cancelled and the construction schedules for other stations
have been extended, the current construction program nonetheless calls for
nuclear capacity to almost double by the mid—1990's.
In response to economic factors, uranium mining and milling operations in
the basin have been reduced. The uranium oxide refinery at Port Hope is
scheduled to be closed by the end of 1983. However, a new uranium oxide
refinery has been completed and has begun production at Blind River, on the
North Channel, and capacity at the uranium haxafluoride production facility at
Port H0pe, on Lake Ontario, is being tripled.
Releases of radioactivity from routine nuclear operations in the Great
Lakes basin are generally well within the limitations set out in the
facilities' operating licenses. Similarly, unplanned releases of
radioactivity have not resulted in license conditions being exceeded.
OBJECTIVES, STANDARDS, AND CRITERIA
AGREEMENT OBJECTIVE AND CALCULATION OF DOSE
The Agreement objective is in terms of dose to man, resulting from the
ingestion of lake water. The dose can be calculated from measured . I
concentration data, using appropriate conversion factors for each radionuclide
of interest. In l977, the International Commission on Radiological Protection
(ICRP) announced changes in the way in which the dose to a particular organ or
tissue is related to dose to the whole body; this changed the factors used to
convert from concentration to dose. However, the ICRP did not publish its
refined dose calculations until a later date. Consequently, in l978, the _
Board's Radioactivity Subcommittee developed and used interim dose converSion
factors. The ICRP has now published its refined calculations, and the Board's
Radioactivity Advisory Group has develOped the new concentration-to-dose .
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These values are all well below the Agreement objective of l millirem.
9°Sr contributes 80-90% of the total dose; the major source of this
radionuclide is fallout fran nuclear weapons testing.
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 Additiona1 remedia1 measures are being considered, especia11y for
abandoned or c1osed faci1ities.
The concentration of uranium inside Port H0pe Harbour in 1981 and 1982 was
genera11y above the maximum acceptab1e concentration of 20 ug/L estab1ished
by the Canada Department of Nationa1 Hea1th and We1fare for a drinking water
supp1y. Water outside the harbour is occasiona11y above this 1imiting va1ue.
The average concentration of uranium in treated drinking water at Port Hope in
1981 and 1982 was about 1.4 ug/L, compared with Nationa1 Hea1th and
Ne1fare's objective of 1 ug/L. These findings are consistent with resu1ts
reported for previous years.
The 1eve1s of gross a and gross B inside Port Hope Harbour during 1981
and 1982 were frequent1y greater than the 1imitations estab1ished by the
Canada Department of Nationa1 Hea1th and Ne1fare and by the Province of
Ontario. Excursions are a1so occasiona11y reported outside the harbour.
These findings are consistent with resu1ts reported for previous years.
COMPARISON AMONG THE LAKES AND TRENDS
Avai1ab1e survei11ance and monitoring data indicate that the open waters
of each of the Great Lakes are we11 mixed; however, there may be some
variabi1ity between the nearshore and the open waters.
Avai1ab1e information a1so indicates that, by the ear1y 1970's,
radionuc1ide concentrations had decreased marked1y from high 1eve1s recorded
in the mid-1960's. This drop was attributab1e to reduced testing of nuc1ear
weapons in the atmOSphere. The 1eve1s of some radionuc1ides in the waters of
the Great Lakes continue to decrease but, for other radionuc1ides, no downward
trend is apparent. A1so, there are variations among the 1akes; for examp1e,
the concentration of 1"Cs is highest in Lake Superior and 1owest in Lake
Erie, probab1y because of the 10w f1ux of sedimenting partic1es in the former
and the high f1ux in the Tatter.
ATMOSPHERIC MONITORING PROGRAMS
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waste. The schedules in both countries extend beyond the end of this century.
Both nations have also undertaken initiatives to ensure that nuclear power
reactors are constructed, maintained, and Operated at a high level of
integrity, and to improve the overall performance of the nuclear power
industry as a whole.
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